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�������� 6XPPDU\�RI�UHVXOWV�������������������������������������������������������������������������������������������������

�������� (IIHFW�RI�DQWHQQD�GLUHFWLYLW\�RQ�PHDQ�HIIHFWLYH�JDLQ ����������������������������������������������

������ 3RODULVDWLRQ�FRUUHODWLRQ�ZLWKLQ�DQJXODU�FRUUHODWLRQ �������������������������������������������������������

���� (IIHFWV�RI�FRXSOLQJ�DQG�LPSHGDQFH�LQ�LQWHUSUHWDWLRQ�RI�UHVXOWV��������������������������������������������

���� &RQFOXVLRQ���������������������������������������������������������������������������������������������������������������������������

��&DVH�6WXG\�0HDVXUHPHQWV ���������������������������������������������������������������������������������������������� ���

���� +DQGVHW�DQG�PHDVXUHPHQW�VSHFLILFDWLRQV ����������������������������������������������������������������������������

���� &RUUHODWLRQ�PHDVXUHPHQWV�RQ�WKH�KDQGVHW ���������������������������������������������������������������������������

���� 0HDQ�HIIHFWLYH�JDLQ�PHDVXUHPHQWV�RQ�WKH�KDQGVHW��������������������������������������������������������������

���� 'LYHUVLW\�SHUIRUPDQFH�RI�D�YHUWLFDO�KDQGVHW ������������������������������������������������������������������������

���� (IIHFWV�RI�DQJOH�RI�DUULYDO ����������������������������������������������������������������������������������������������������

���� (IIHFWV�RI�FURVV�SRODU�UDWLR���������������������������������������������������������������������������������������������������

���� (IIHFWV�RI�WKH�KXPDQ�KHDG ���������������������������������������������������������������������������������������������������

������ (IIHFWV�RQ�FRUUHODWLRQ����������������������������������������������������������������������������������������������������

������ (IIHFWV�RQ�PHDQ�HIIHFWLYH�JDLQ��������������������������������������������������������������������������������������

������ (IIHFWV�RQ�GLYHUVLW\�SHUIRUPDQFH ����������������������������������������������������������������������������������

���� 'LYHUVLW\�HYDOXDWLRQ�RI�,4+$V��������������������������������������������������������������������������������������������

���� ,4+$�VSHFLILFDWLRQV ������������������������������������������������������������������������������������������������������������

����� &RUUHODWLRQ�PHDVXUHPHQWV�RI�,4+$V ����������������������������������������������������������������������������������

����� 0HDQ�HIIHFWLYH�JDLQ�DQDO\VLV�RI�WKH�,4+$V�������������������������������������������������������������������������

����� 6\VWHP�*DLQ�$QDO\VLV ���������������������������������������������������������������������������������������������������������

����� &RQFOXVLRQV �������������������������������������������������������������������������������������������������������������������������

��)HDVLELOLW\�6WXG\�IRU�,PSOHPHQWLQJ�D�6LPXODWHG�0RELOH�)DGLQJ�(QYLURQPHQW ������������� ���

���� 2XWOLQH�RI�WKH�FRQFHSW ���������������������������������������������������������������������������������������������������� ����

���� )DGLQJ�6RXUFH�*HQHUDWLRQ ���������������������������������������������������������������������������������������������� ����

���� &ULWHULD�IRU�QXPEHU�RI�VRXUFH�DQWHQQDV��������������������������������������������������������������������������� ����
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������ &ULWHULD�IRU�D]LPXWK�DQJOH�RI�DUULYDO������������������������������������������������������������������������� ����

������ &ULWHULD�IRU�HOHYDWLRQ�DQJOH�RI�DUULYDO ����������������������������������������������������������������������� ����

������ $QJOH�RI�DUULYDO�IRU�XUEDQ�IDGLQJ�HQYLURQPHQW �������������������������������������������������������� ����

�������� 0HWKRG�WR�LPSURYH�WKH�HFRQRPLF�OLPLWV ������������������������������������������������������������ ����

���� 7HVW�6LPXODWLRQV�IRU�8QLIRUP�$]LPXWK�$QJOH�RI�$UULYDO����������������������������������������������� ����

������ 6LPXODWLRQV�IRU�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ ���������������������������������������������������������� ����

������ 6LPXODWLRQV�IRU�SRODULVDWLRQ�FRUUHODWLRQ ������������������������������������������������������������������� ����

���� )XUWKHU�:RUN�±�7HVW�6LPXODWLRQV�IRU�1RQ�8QLIRUP�$QJOH�RI�$UULYDO���������������������������� ����

���� &RQFOXVLRQV ������������������������������������������������������������������������������������������������������������������������

��&RQFOXVLRQV�DQG�)XUWKHU�:RUN ������������������������������������������������������������������������������������� ����

���� 'LVWLOODWLRQ���������������������������������������������������������������������������������������������������������������������� ����

���� )XUWKHU�:RUN ������������������������������������������������������������������������������������������������������������������ ����

%LEOLRJUDSK\ ��������������������������������������������������������������������������������������������������������������������� ����

$SSHQGL[�$�5HVXOWV�IURP�HOHYDWLRQ�DQJOH�RI�DUULYDO�LQ�XUEDQ�HQYLURQPHQWV������������������ ����

$SSHQGL[�%�5HVXOWV�RI�LQGRRU�PRELOH�DQJOH�RI�DUULYDO�PHDVXUHPHQWV���������������������������� ����

$SSHQGL[�&�'HULYDWLRQ�RI�FRUUHODWLRQ�IRU�YHUWLFDO�DQG�KRUL]RQWDO�VSDFLQJ ��������������������� ����

$SSHQGL[�'�6SDWLDO�FRUUHODWLRQ�IRU�QRQ�XQLIRUP�D]LPXWK�DQJOH�RI�DUULYDO ��������������������� ����

$SSHQGL[�(�'HULYDWLRQ�RI�(�ILHOG�SDWWHUQ�IRU�DQ�HTXDO�JDLQ�FRPELQHG�,4+$���������������� ����

$SSHQGL[�)�'HULYDWLRQ�RI�PHDQ�HIIHFWLYH�JDLQ�IRU�D�PD[LPXP�UDWLR�FRPELQHG�,4+$ � ����
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)LJXUH�����'LDJUDP�VKRZLQJ�D�EDVLF�GLYHUVLW\�UHFHLYHU�VWUXFWXUH������������������������������������������������������

)LJXUH������&XPXODWLYH�GLVWULEXWLRQ�RI�5D\OHLJK�IDGLQJ�VLJQDOV�IRU�GLIIHUHQW�QXPEHUV�RI�GLYHUVLW\�

EUDQFK����������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�UHODWLRQ�RI�DQJXODU�FRRUGLQDWHV�WR�&DUWHVLDQ�FRRUGLQDWHV��������������

)LJXUH�����*UDSK�VKRZLQJ�FRPSDULVRQ�RI�DSSUR[LPDWHG�GHJUDGDWLRQ�IDFWRU�LQ�GLYHUVLW\�JDLQ�

FRPSDUHG�ZLWK�WKH�UHDO�YDOXHV ��������������������������������������������������������������������������������������������������

)LJXUH�����([DPSOHV�RI�W\SLFDO�PRELOH�WHUPLQDO�DQWHQQD�KDQGVHWV���D��ZKLS�DQG�KHOL[�DQWHQQD���E��

GXDO�3,)$�DQWHQQD���F��KHOL[�DQG�FKLS�DQWHQQD �������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�D�W\SLFDO�H[DPSOH�RI�VZLWFKHG�SDUDVLWLF�HOHPHQWV ������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�WZR�SRUW�PRGHO�RI�WZR�GLYHUVLW\�DQWHQQDV������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�D�FLUFXLW�PRGHO�RI�WZR�GLYHUVLW\�DQWHQQDV��D��$QWHQQD�$�LQ�)LJXUH�

����DQG��E��$QWHQQD�%�LQ�)LJXUH���������������������������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�SRODULVDWLRQ�DQJOHV�IRU�WZR�SRODULVDWLRQ�GLYHUVLW\�DQWHQQDV����������

)LJXUH�����*UDSK�VKRZLQJ�WKH�SRODULVDWLRQ�FRUUHODWLRQ�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�

PRELOH�ZLWK�YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a ����������������������������

)LJXUH�����*UDSK�VKRZLQJ�WKH�EUDQFK�SRZHU�UDWLR�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�

ZLWK�YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a ����������������������������������������

)LJXUH�����*UDSK�VKRZLQJ�WKH�HIILFLHQF\�ORVV�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�ZLWK�

YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a ������������������������������������������������

)LJXUH�����*UDSK�VKRZLQJ�WKH�V\VWHP�JDLQ�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�ZLWK�

YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a ������������������������������������������������

)LJXUH�����*UDSK�VKRZLQJ�WKH�DQJOH�RI�DUULYDO�HIIHFWV�RQ�FRUUHODWLRQ�ZLWK�WKH�DQJOH�RI�URWDWLRQ��a��

IL[HG�DW���R�DQG�YDULDEOH�DQJXODU�GLIIHUHQFH��W ������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�YHUWLFDO�DQG�KRUL]RQWDO�VHSDUDWLRQ�IRU�VSDWLDO�GLYHUVLW\�DW�WKH�

PRELOH���������������������������������������������������������������������������������������������������������������������������������������

)LJXUH������*UDSK�VKRZLQJ�D�FRPSDULVRQ�RI�WKH�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZKHQ�HOHYDWLRQ�

DQJOH�RI�DUULYDO�LV�FRQVLGHUHG������������������������������������������������������������������������������������������������� ���

)LJXUH������*UDSK�VKRZLQJ�FRUUHODWLRQ�YHUVXV�KRUL]RQWDO�VSDFLQJ�DW�GLIIHUHQW�IL[HG�YDOXHV�RI�

YHUWLFDO�VSDFLQJ�������������������������������������������������������������������������������������������������������������������������

)LJXUH������*UDSK�VKRZLQJ�WKH�LQWHUDFWLRQ�RI�DQJXODU�DQG�VSDWLDO�GLYHUVLW\�RQ�WZR�FORVHO\�VSDFHG�

PRQRSROHV ��������������������������������������������������������������������������������������������������������������������������������
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)LJXUH������*UDSK�VKRZLQJ�FRPSDULVRQV�RI�WKH�DQJXODU�FRUUHODWLRQ�ZLWK�GLIIHUHQW�DQJOH�RI�DUULYDO�

VWDWLVWLFV�EDVHG�RQ�UHVXOWV�WDNHQ�IURP�FORVHO\�VSDFHG�PRQRSROHV ���������������������������������������������

)LJXUH������*UDSK�VKRZLQJ�WKH�VHOI�LPSHGDQFH�DQG�PXWXDO�LPSHGDQFH�EHWZHHQ�WZR�FORVHO\�

VSDFHG�PRQRSROHV���������������������������������������������������������������������������������������������������������������������

)LJXUH������*UDSK�VKRZLQJ�0HDQ�(IIHFWLYH�*DLQ��0(*��IRU�WZR�FORVHO\�VSDFHG�PRQRSROHV�

YHUVXV�VSDWLDO�GLVWDQFH �������������������������������������������������������������������������������������������������������� ������

)LJXUH������*UDSK�VKRZLQJ�WKH�FRPSDULVRQ�EHWZHHQ�GLYHUVLW\�JDLQ�DQG�V\VWHP�JDLQ�IRU�WZR�

FORVHO\�VSDFHG�PRQRSROHV ��������������������������������������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�UHODWLYH�SRODULVDWLRQV�GHWHUPLQHG�IURP�WKH�(�ILHOGV�RI�WKH�

DQWHQQDV������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�SODQ�YLHZ�RI�WKH�DQWHQQD�PRGHO�XVHG �������������������������������������������

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�D�ODUJH�RYHUODS ����������������

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�VHPL�GLUHFWLYH�

SDWWHUQV �������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�GLUHFWLYH�SDWWHUQV������

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�DQ�RPQL�GLUHFWLRQDO�

DQWHQQD�DQG�D�VHPL�GLUHFWLYH�DQWHQQD���D��DQG��F����DQG�D�GLUHFWLRQDO�DQWHQQD���E��DQG��G�� �����

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VPDOO�GLUHFWLRQDOLW\ �����������������������������

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VHPL�GLUHFWLRQDOLW\ ������������������������������

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�KLJK�GLUHFWLRQDOLW\�������������������������������

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�RQH�RPQL�GLUHFWLRQDO�DQG�RQH�

VHPL�GLUHFWLRQDO�DQWHQQD �����������������������������������������������������������������������������������������������������������

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�RQH�RPQL�GLUHFWLRQDO�DQG�RQH�

GLUHFWLRQDO�DQWHQQD �������������������������������������������������������������������������������������������������������������������

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�VHPL�GLUHFWLYH�SDWWHUQV

��������������������������������������������������������������������������������������������������������������������������������������������������

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�GLUHFWLYH�SDWWHUQV��������

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�DQ�RPQL�GLUHFWLRQDO�

DQWHQQD�DQG�D�VHPL�GLUHFWLYH�DQWHQQD���D��DQG��F����DQG�D�GLUHFWLRQDO�DQWHQQD���E��DQG��G�� �����

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VHPL�GLUHFWLRQDOLW\ ��������������������
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)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�KLJK�GLUHFWLRQDOLW\ ��������������������

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�DQG�

D�VHPL�GLUHFWLRQDO�DQWHQQD ����������������������������������������������������������������������������������������������������� ���

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�

GLIIHUHQW�VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�DQG�

D�GLUHFWLRQDO�DQWHQQD�����������������������������������������������������������������������������������������������������������������

)LJXUH������*UDSK�VKRZLQJ�FKDQJH�LQ�0HDQ�(IIHFWLYH�*DLQ��0(*��YHUVXV�VHFWRU�VKLIW�DQJOH�LQ�

HOHYDWLRQ�IRU�YHUWLFDOO\�VSDFHG�LVRWURSHV�����������������������������������������������������������������������������������

)LJXUH������'LDJUDP�VKRZLQJ�WZR�H[DPSOHV�RI�SRODULVDWLRQ�FRUUHODWLRQ�XVHG�WR�VKRZ�LQKHUHQW�

SRODULVDWLRQ�FRUUHODWLRQ�������������������������������������������������������������������������������������������������������������

)LJXUH������3RODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�IURP�WKH�VHWXS�LQ�)LJXUH�������D� ���������������������������������

)LJXUH������3RODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�IURP�WKH�VHWXS�LQ�)LJXUH�������E����������������������������������

)LJXUH�����3LFWXUHV�RI�WKH�KDQGVHW�ZLWK�D�3,)$�DQG�PHDQGHU�OLQH�PRQRSROH �����������������������������������

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�FRQVWUXFWLRQ�SDUDPHWHUV�IRU�WKH�WZR�PHDQGHU�OLQH�PRQRSROHV �����

)LJXUH�����&RPSDULVRQ�RI�WKH�D]LPXWK��D��DQG�f� ��R�HOHYDWLRQ��E��SDWWHUQV�EHWZHHQ�WKH�3,)$�DQG�

PHDQGHU ������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����3KRWRJUDSK�VKRZLQJ�WKH�SKDQWRP�VHW�XS�RQ�D�SODWIRUP�LQ�WKH�DQHFKRLF�FKDPEHU �����������

)LJXUH�����&RPSDULVRQ�RI�WKH�PHDQGHU�DQG�WKH�3,)$��D��(q�ZLWKRXW�SKDQWRP��E��(f�ZLWKRXW�

SKDQWRP��F��(q�ZLWK�SKDQWRP��E��(f�ZLWK�SKDQWRP������������������������������������������������������������������

)LJXUH�����3LFWXUHV�VKRZLQJ�WKH�,4+$�DQWHQQDV�PHDVXUHG�IRU�GLYHUVLW\�DQDO\VLV��D��WKH�VWDQGDUG�

VL]HG�,4+$�DQG��E��WKH�UHGXFHG�VL]H�PHDQGHU�OLQH�,4+$��������������������������������������������������������

)LJXUH�����'LDJUDP�RI�WKH�HOHPHQW�QXPEHUV�RI�DQ�,4+$�IHHG�SRLQW �����������������������������������������������

)LJXUH�����3RODU�SORW�VKRZLQJ�WKH�FRPSDULVRQ�RI�RPQL�GLUHFWLRQDOLW\�EHWZHHQ�GLIIHUHQWO\�IHG�

HOHPHQWV������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����'LDJUDP�RI�WKH�FRQFHSW�EHKLQG�WKH�SURSRVHG�IDGLQJ�VLPXODWRU ���������������������������������� ����

)LJXUH�����'\QDPLF�IDGLQJ�JHQHUDWRU�ZLWK�XQLIRUP�SKDVH�GLVWULEXWLRQ�SURSRVHG�E\�$UUHGRQGR ����

)LJXUH�����'LDJUDP�VKRZLQJ�KRZ�ZLGH�DQWHQQD�EHDPZLGWKV�RQ�DQWHQQDV�FDQQRW�GLIIHUHQWLDWH�

EHWZHHQ�WZR�VLJQDOV�ZLWK�FORVH�DQJXODU�VSDFLQJ������������������������������������������������������������������ ����

)LJXUH�����'LDJUDP�VKRZLQJ�KRZ�D�QDUURZ�EHDP�ZLOO�GHWHUPLQH�WKH�GLIIHUHQFH�EHWZHHQ�WZR�

VRXUFH�DQWHQQDV ������������������������������������������������������������������������������������������������������������������� ����

)LJXUH�����,OOXVWUDWLRQ�RI�KRZ�WR�URWDWH�D�PRELOH�DQG�WDNH�LQGHSHQGHQW�IDGLQJ�VLJQDOV�DW���SRLQWV

��������������������������������������������������������������������������������������������������������������������������������������������� ����

)LJXUH�����'LDJUDP�VKRZLQJ�DXWRFRUUHODWLRQ�RYHU�WLPH�GHOD\�IRU�QRLVH�VDPSOHV������������������������ ����
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)LJXUH�����*UDSK�VKRZLQJ�FRPSDULVRQV�RI�FRUUHODWLRQ�YHUVXV�KRUL]RQWDO�GLVWDQFH�ZLWK�GLIIHUHQW�

QXPEHUV�RI�IDGLQJ�VRXUFHV��������������������������������������������������������������������������������������������������� ����

)LJXUH�����*UDSK�VKRZLQJ�SRODULVDWLRQ�FRUUHODWLRQ�IURP�VLPXODWLRQV�FRPSDUHG�ZLWK�WKHRU\������ ����
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7DEOH�����=�3DUDPHWHUV�RI�WKH�DQWHQQDV�DW�WKH�WZR�IUHTXHQFLHV�RI�PHDVXUHPHQW �����������������������������

7DEOH�����6�3DUDPHWHUV�RI�WKH�DQWHQQDV�DW�WKH�WZR�IUHTXHQFLHV�RI�PHDVXUHPHQW �����������������������������

7DEOH�����6XPPDU\�RI�WKH�RI�WKH�FRUUHODWLRQV�IURP�WKH�KDQGVHW�DW����0+]�DQG�����0+] ������������

7DEOH�����0HDQ�(IIHFWLYH�*DLQ�HYDOXDWLRQ�RI�WKH�DQWHQQDV�DW�WKH�PHDVXUHPHQW�IUHTXHQFLHV�XVHG ���

7DEOH�����&RPSDULVRQ�RI�V\VWHP�JDLQ�SHUIRUPDQFH�IRU�WKH�WZR�*60�IUHTXHQFLHV�RI�WKH�YHUWLFDO�

KDQGVHW��������������������������������������������������������������������������������������������������������������������������������������

7DEOH�����9DULDWLRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�s$�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW �����������������������

7DEOH�����9DULDWLRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�;35�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW ��������������������

7DEOH�����9DULDWLRQ�RI�0(*�ZLWK�;35�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW �����������������������������������������

7DEOH�����&RPSDULVRQ�RI�6�SDUDPHWHUV�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG �������������

7DEOH������&RPSDULVRQ�RI�=�SDUDPHWHUV�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG �����������

7DEOH������7DEOH�VKRZLQJ�WKH�HIIHFWV�RQ�FRUUHODWLRQ�RI�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG�����������������

7DEOH������&RPSDULVRQ�RI�0(*�IRU�WKH�3,)$�DQG�PHDQGHU�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�

SKDQWRP������������������������������������������������������������������������������������������������������������������������������������

7DEOH������&RPSDULVRQ�RI�V\VWHP�JDLQ�SHUIRUPDQFH�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�KXPDQ�

KHDG ������������������������������������������������������������������������������������������������������������������������������������������

7DEOH������7DEOH�VKRZLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�IURP�VLPXODWLRQV�LQ�D�5D\OHLJK�IDGLQJ�

HQYLURQPHQW�XVLQJ�GLIIHUHQW�FRPELQLQJ�PHWKRGV ���������������������������������������������������������������������

7DEOH������7DEOH�VKRZLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�HOHPHQWV�IRU�WKH�VWDQGDUG�,4+$�DQG�WKH�

PHDQGHUHG�,4+$ ���������������������������������������������������������������������������������������������������������������������

7DEOH������7DEOH�VKRZLQJ�WKH�SRODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�EHWZHHQ�HOHPHQWV�IRU�D�VWDQGDUG�

,4+$�DQG�D�PHDQGHUHG�,4+$ �������������������������������������������������������������������������������������������������

7DEOH������&RPSDULVRQ�RI�0(*�EHWZHHQ�D�VLQJOH�EUDQFK��TXDGUDWXUH�IHG�EUDQFKHV�DQG�HTXDO�JDLQ�

FRPELQHG�EUDQFKHV�IRU�D�VWDQGDUG�,4+$�DQG�PHDQGHUHG�,4+$����������������������������������������������

7DEOH������7DEOH�VXPPDULVLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�REWDLQHG�IURP�WKH�VWDQGDUG�VL]HG�,4+$�

DQDO\VLV�������������������������������������������������������������������������������������������������������������������������������������

7DEOH������7DEOH�VXPPDULVLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�REWDLQHG�IURP�WKH�PHDQGHUHG�,4+$�

DQDO\VLV�������������������������������������������������������������������������������������������������������������������������������������

�
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*ORVVDU\�RI�7HUPV�

$2$� � $QJOH�RI�$UULYDO�

$5� � $[LDO�5DWLR�

%:� � $QWHQQD�EHDPZLGWK��HLWKHU��G%�EHDPZLGWK�IRU�JDLQ�RU���R�EHDPZLGWK�IRU�SKDVH�

')� � 'HJUDGDWLRQ�)DFWRU�LQ�GLYHUVLW\�JDLQ�GXH�WR�QRQ�]HUR�FRUUHODWLRQ�

'*�� � 'LYHUVLW\�*DLQ�

(�ILHOG� � (OHFWULF�)LHOG�

(*&� � (TXDO�*DLQ�&RPELQLQJ�

,4+$� � ,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD�

/�DQWHQQDV� ³/�VKDSHG´�DQWHQQDV�

0(*� � 0HDQ�(IIHFWLYH�*DLQ�

0,02� � 0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW�

05&� � 0D[LPXP�5DWLR�&RPELQLQJ�

086,&�� 08OWLSOH�6LJQDO�,GHQWLILFDWLRQ�DQG�&ODVVLILFDWLRQ�

1/26� � 1RQ�/LQH�RI�6LJKW�

3'&� � 3HUVRQDO�'LJLWDO�&RPPXQLFDWLRQV�

3,)$� � 3ODQDU�,QYHUWHG�)�$QWHQQD�

6*�� � 6\VWHP�*DLQ�

615� � 6LJQDO�WR�1RLVH�5DWLR�

:/$1�� :LUHOHVV�/RFDO�$UHD�1HWZRUN�

;3'� � &URVV�SRODU�'LVFULPLQDWLRQ�

;35� � &URVV�SRODU�5DWLR�

�*� � 7KLUG�*HQHUDWLRQ�0RELOH�

�*� � )RXUWK�*HQHUDWLRQ�0RELOH�
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$� :HLJKWLQJ�FRQVWDQW�IRU�*DXVVLDQ�HOHYDWLRQ�DQJOH�RI�DUULYDO�

$5� $[LDO�5DWLR�>/LQHDU�IDFWRU�RU�G%@�

D� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ�

a� 5RWDWLRQ�DQJOH�XVHG�LQ�SRODULVDWLRQ�GLYHUVLW\�>R@�

$q� &RPSOH[�DPSOLWXGH�LQ�WKH�q�UDQJH�>9@�

$f� &RPSOH[�DPSOLWXGH�LQ�WKH�f�UDQJH�>9@�

E� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ�

b� 3KDVH�FRQVWDQW�>UDGLDQVP���RU�UDGLDQV�SHU�XQLW�GLVWDQFH@�

F� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ�

G� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ��IRU�SRODULVDWLRQ�GLYHUVLW\��

G� +RUL]RQWDO�VSDFLQJ�EHWZHHQ�WZR�SRLQWV��IRU�VSDWLDO�GLYHUVLW\��>P�RU�XQLW�GLVWDQFH@�

dq� 2IIVHW�DQJOH�IRU�VSDWLDO�GLYHUVLW\�LQ�WKH�HOHYDWLRQ�>R@�

dq�� 2IIVHW�DQJOH�LQ�WKH�HOHYDWLRQ�IRU�DQDO\VLV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�GLYHUVLW\�>R@�

dq�� 2IIVHW�DQJOH�LQ�WKH�HOHYDWLRQ�IRU�DQDO\VLV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�GLYHUVLW\�>R@�

df� 2IIVHW�DQJOH�IRU�VSDWLDO�GLYHUVLW\�LQ�WKH�D]LPXWK�>R@�

df�� 2IIVHW�DQJOH�LQ�WKH�D]LPXWK�IRU�DQDO\VLV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�GLYHUVLW\�>R@�

df�� 2IIVHW�DQJOH�LQ�WKH�D]LPXWK�IRU�DQDO\VLV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�GLYHUVLW\�>R@�

'*� 'LYHUVLW\�*DLQ�

H� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ�

([� (�ILHOG�LQ�WKH�[�UDQJH�>9P��@�

(\� (�ILHOG�LQ�WKH�\�UDQJH�>9P��@�

(]� (�ILHOG�LQ�WKH�]�UDQJH�>9P��@�

(q� (�ILHOG�LQ�WKH�q�UDQJH�>9P��@�

(f� (�ILHOG�LQ�WKH�f�UDQJH�>9P��@�
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e� 3RODULVDWLRQ�DQJXODU�VSDFLQJ�IRU�V\PPHWULFDOO\�SRODULVHG�DQWHQQDV�>R@�

�I� &RHIILFLHQW�IRU�SRODULVDWLRQ�GLYHUVLW\�HYDOXDWLRQ�

IG� 'RSSOHU�VKLIW�IUHTXHQF\�>+]@�

*q� *DLQ�LQ�WKH�q�UDQJH�>/LQHDU�RU�G%L@�

*f� *DLQ�LQ�WKH�f�UDQJH�>/LQHDU�RU�G%L@�

K� 9HUWLFDO�VSDFLQJ�EHWZHHQ�WZR�SRLQWV�>P�RU�XQLW�GLVWDQFH@�

f� $QJOH�WKDW�LV�UHODWLYH�WR�WKH�KRUL]RQWDO�[�GLUHFWLRQ�>R@�

gV� ,QVWDQWDQHRXV�VLJQDO�WR�QRLVH�UDWLR�>/LQHDU�RU�G%@�

G� 0HDQ�VLJQDO�WR�QRLVH�UDWLR�>/LQHDU�RU�G%@�

+[� +�ILHOG�LQ�WKH�[�UDQJH�>+P��@�

+\� +�ILHOG�LQ�WKH�\�UDQJH�>+P��@�

+]� +�ILHOG�LQ�WKH�]�UDQJH�>+P��@�

.� 5LFHDQ�.�IDFWRU�>/LQHDU�RU�G%@�

N� %UDQFK�SRZHU�UDWLR�>/LQHDU�RU�G%@�

/� 6LJQDO�WR�QRLVH�UDWLR�IDFWRU�FRPSDUHG�WR�D�VLQJOH�UHIHUHQFH�EUDQFK�IRU�WKH�PD[LPXP�

GLYHUVLW\�EUDQFK�>/LQHDU�RU�G%@�

0� 3RODULVDWLRQ�LPSXULW\�PDWUL[�

P� 3RODULVDWLRQ�LPSXULW\�RI�D�VLQJOH�DQWHQQD�EUDQFK�

j� 3RODULVDWLRQ�DQJXODU�VSDFLQJ�IRU�V\PPHWULFDOO\�SRODULVHG�DQWHQQDV�>R@�

3IDGH� 3UREDELOLW\�WKDW�D�VLJQDO�IDOOV�EH\RQG�D�JLYHQ�WKUHVKROG��

Sq� 3UREDELOLW\�GHQVLW\�IXQFWLRQ�LQ�WKH�q�UDQJH�

Sf� 3UREDELOLW\�GHQVLW\�IXQFWLRQ�LQ�WKH�f�UDQJH�

q� $QJOH�WKDW�LV�UHODWLYH�WR�WKH�YHUWLFDO�]�GLUHFWLRQ�>R�RU�UDGLDQV@�

q � 0HDQ�DQJOH�RI�DUULYDO�LQ�HOHYDWLRQ�DERYH�WKH�KRUL]RQWDO�>R�RU�UDGLDQV@�

4� 6\PERO�IRU�4�IXQFWLRQ�

U��� ,QSXW�UHVLVWDQFH�SDUDPHWHU�>W@�

U��� 0XWXDO�UHVLVWDQFH�>W@�
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r��� &RPSOH[�FRUUHODWLRQ�

_r��_� &RPSOH[�FRUUHODWLRQ�PDJQLWXGH�

rH� (QYHORSH�FRUUHODWLRQ�

rS� 3RZHU�FRUUHODWLRQ�

s$� 6WDQGDUG�GHYLDWLRQ�RQ�WKH�DQJOH�RI�DUULYDO�LQ�HOHYDWLRQ�>R�RU�UDGLDQV@�

sQ� 6WDQGDUG�GHYLDWLRQ�RI�D�GLYHUVLW\�EUDQFK�RXWSXW�>9@�

6� 6FDWWHULQJ�SDUDPHWHU�PDWUL[�

67� 7UDQVIHU�PDWUL[�IRU�WZR�DQWHQQDV�

V��� 5HIOHFWLRQ�SDUDPHWHU�IRU�DQWHQQD�$�LQ�D�GLYHUVLW\�V\VWHP�

V��� 5HIOHFWLRQ�SDUDPHWHU�IRU�DQWHQQD�%�LQ�D�GLYHUVLW\�V\VWHP�

V���V��� 7UDQVPLVVLRQ�SDUDPHWHU�EHWZHHQ�WZR�DQWHQQDV�LQ�D�GLYHUVLW\�V\VWHP�

6*� 6\VWHP�*DLQ�

9$� $QWHQQD�YROWDJH�YHFWRU�>9@�

9(� (�ILHOG�YROWDJH�YHFWRU�>9@�

9/� /RDG�YROWDJH�YHFWRU�>9@�

Y�� 9ROWDJH�RI�D�IDGLQJ�VLJQDO�EUDQFK�>9@�

Y�� 9ROWDJH�RI�D�IDGLQJ�VLJQDO�EUDQFK�>9@�

W� $QJXODU�VSDFLQJ�XVHG�LQ�SRODULVDWLRQ�GLYHUVLW\�>R@�

[� &DUWHVLDQ�KRUL]RQWDO�FRRUGLQDWH�>P�RU�XQLW�GLVWDQFH@�

[��� ,QSXW�UHDFWDQFH�>W@�

[��� 0XWXDO�UHDFWDQFH�>W@�

;3'� &URVV�SRODU�GLVFULPLQDWLRQ�>/LQHDU�RU�G%@�

;35� &URVV�SRODU�UDWLR�>/LQHDU�RU�G%@�

\� &DUWHVLDQ�KRUL]RQWDO�FRRUGLQDWH�>P�RU�XQLW�GLVWDQFH@�

y� 6HFWRU�RSHQLQJ�VL]H�IRU�DQDO\VLV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�GLYHUVLW\�>R@�

=D� ,PSHGDQFH�RI�DQWHQQD�$�LQ�D�GLYHUVLW\�V\VWHP�>W@�

=E� ,PSHGDQFH�RI�DQWHQQD�%�LQ�D�GLYHUVLW\�V\VWHP�>W@�



/LVW�RI�6\PEROV�
�

�[YLL

=P� 0XWXDO�LPSHGDQFH�EHWZHHQ�WZR�DQWHQQDV�LQ�D�GLYHUVLW\�V\VWHP�>W@�

=$� $QWHQQD�LPSHGDQFH�PDWUL[�IRU�D�GLYHUVLW\�V\VWHP�

=/� /RDG�LPSHGDQFH�PDWUL[�IRU�D�GLYHUVLW\�V\VWHP�

]� &DUWHVLDQ�YHUWLFDO�FRRUGLQDWH�>P�RU�XQLW�GLVWDQFH@�

]��� ,QSXW�LPSHGDQFH�IRU�DQWHQQD�$�LQ�D�GLYHUVLW\�V\VWHP�>W@�

]��� ,QSXW�LPSHGDQFH�IRU�DQWHQQD�%�LQ�D�GLYHUVLW\�V\VWHP�>W@�

]���]��� 0XWXDO�LPSHGDQFH�EHWZHHQ�WZR�DQWHQQDV�LQ�D�GLYHUVLW\�V\VWHP�>W@�

z� 7KUHH�GLPHQVLRQDO�DQJOH�XVHG�LQ�VSDWLDO�GLYHUVLW\�>R@�

�
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&KDSWHU���

�� ,QWURGXFWLRQ�

,Q�PRELOH� UDGLR�SURSDJDWLRQ��D�FRPPRQ�SUREOHP�RI�PXOWLSDWK� IDGLQJ�RFFXUV� LQ�XUEDQ�� VXEXUEDQ�

DQG�LQGRRU�HQYLURQPHQWV��8QOLNH�RWKHU�IDFWRUV�VXFK�DV�SDWK�ORVV�DQG�VKDGRZLQJ��WKH�UDSLG�FKDQJH�

LQ�VLJQDO�OHYHO�IURP�PXOWLSDWK�IDGLQJ�ZKLOH�LQ�PRWLRQ�FDXVHV�VLJQLILFDQW�GHJUDGDWLRQ�RI�VLJQDO�WR�

QRLVH�UDWLRV��615V��VXFK�WKDW�ELW�HUURU�UDWHV�DUH�LQFUHDVHG�VLJQLILFDQWO\�DQG�OLNHZLVH�WKH�TXDOLW\�RI�

VHUYLFH� LV�QRW�DFFHSWDEOH��$QWHQQD�GLYHUVLW\�KDV�EHHQ�XVHG�IRU�PDQ\�JHQHUDWLRQV� LQ�D�QXPEHU�RI�

DSSOLFDWLRQV� RI� UDGLR� FRPPXQLFDWLRQV� LQFOXGLQJ�PRELOH� UDGLR� WR� PLWLJDWH� IDGLQJ� HIIHFWV�� ,Q� WKH�

JHQHUDO� FDVH�� GLYHUVLW\� DQWHQQDV� ZRUN� E\� KDYLQJ� WZR� DQWHQQD� EUDQFKHV� WKDW� LGHDOO\� KDYH�

LQGHSHQGHQW� �L�H�� XQFRUUHODWHG�� IDGLQJ� VLJQDOV� DW� WKHLU� RXWSXW� DORQJ� ZLWK� WKH� VDPH� PHDQ� VLJQDO�

OHYHO��)ROORZLQJ�WKLV�WKH�WZR�IDGLQJ�VLJQDOV�FDQ�EH�FRPELQHG�VXFK�WKDW�WKH�UHVXOWDQW�IDGLQJ�VLJQDO�

ZLOO�KDYH�VLJQLILFDQWO\�OHVV�SRLQWV�ZKHUH�WKHUH�LV�DQ�H[WUHPH�PLQLPD�VLQFH�WKH�WZR�IDGLQJ�VLJQDOV�

DUH�VHOGRP�DW�VXFK�D�OHYHO�DW�WKH�VDPH�WLPH��&RQVHTXHQWO\�WKH�615�LV�LQFUHDVHG�RQ�WKH�UHVXOWDQW�

VLJQDO��WKHUHIRUH�SURYLGLQJ�D�GLYHUVLW\�JDLQ��0RUH�WKDQ�WZR�DQWHQQD�EUDQFKHV�FDQ�EH�XVHG�LQ�RUGHU�

WR� LQFUHDVH� WKH�GLYHUVLW\�JDLQ�IXUWKHU��7KHUH�DUH�GLIIHUHQW�ZD\V�RI�DOORZLQJ�WKH�DQWHQQDV� WR�KDYH�

ORZ� FRUUHODWLRQ� DQG� VLPLODU� PHDQ� SRZHU� OHYHOV�� ,Q� PRELOH� UDGLR� WKLV� KDV� FRQYHQWLRQDOO\� EHHQ�

FDUULHG� RXW� DW� WKH� EDVH� VWDWLRQ�E\� VSDFLQJ� WZR� DQWHQQDV� DQ� DSSURSULDWH� GLVWDQFH� DSDUW� SURYLGLQJ�

VSDWLDO�GLYHUVLW\�RU�LQ�PRUH�UHFHQW�GD\V�LW�KDV�EHHQ�FDUULHG�RXW�E\�XVLQJ�WZR�GLIIHUHQW�SRODULVDWLRQV�

WR�DFKLHYH�SRODULVDWLRQ�GLYHUVLW\��7KLV�WKHVLV�LV��KRZHYHU��IRFXVHG�RQ�WKH�UHODWLYHO\�XQVWXGLHG�DUHD�

RI�DQWHQQD�GLYHUVLW\�DW�WKH�PRELOH�WHUPLQDO��

���� 0RWLYDWLRQ�

:KLOH�GLYHUVLW\�KDV�FRQYHQWLRQDOO\�EHHQ�LPSOHPHQWHG�DW�WKH�EDVH�VWDWLRQ�IRU�PDQ\�FXUUHQW�PRELOH�

QHWZRUNV��WKH�3HUVRQDO�'LJLWDO�&RPPXQLFDWLRQV��3'&��QHWZRUN�LQ�WKH�)DU�(DVW�DOVR�XVHV�GLYHUVLW\�

DW� WKH� PRELOH�� :LWK� LQFUHDVHG� GHPDQG� IRU� GDWD� WUDQVPLVVLRQ� WR� WKH� PRELOH� LQ� WKH� IXWXUH�� LW� LV�

SRVVLEOH�WKDW�WKHUH�ZLOO�EH�UHTXLUHPHQWV�IRU�GLYHUVLW\�WR�EH�LPSOHPHQWHG�DW�WKH�PRELOH�LQ��*�DQG�

�*�QHWZRUNV��7KH�VDPH�FRQGLWLRQV�RI�DFKLHYLQJ�ORZ�FRUUHODWLRQ�DQG�HTXDO�PHDQ�SRZHU�DSSO\�DW�

WKH� PRELOH� DV� ZHOO� DOWKRXJK� WKH\� DOVR� KDYH� WKH� SUREOHP� RI� PDLQWDLQLQJ� HIILFLHQF\� EHLQJ� RIWHQ�

VPDOO��FORVHO\�VSDFHG�DQWHQQDV��ZKLFK�LV�QRW�VR�PXFK�WKH�FDVH�DW�WKH�EDVH�VWDWLRQ��)XUWKHU�WR�WKLV��

WKH�PRELOH�ZLOO�QRW�QRUPDOO\�KDYH�VWUDLJKW�IRUZDUG�VSDWLDO�RU�SRODULVDWLRQ�GLYHUVLW\�DQWHQQDV�OLNH�
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WKH�EDVH�VWDWLRQ�KDV��'XH�WR�WKH�ZD\�WKH�DQWHQQDV�LQWHUDFW�ZLWK�HDFK�RWKHU��WKHUH�ZLOO�EH�VRPH�MRLQW�

FRQWULEXWLRQ�RI�WKH�PDLQ�IRUPV�RI�DQWHQQD�GLYHUVLW\�EHLQJ�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�VWDWHV��

$QDO\VLQJ�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRQWULEXWLRQV�WR�GLYHUVLW\�DW�WKH�PRELOH�LV�YLWDO�WR�

GHWHUPLQH� ZK\� WKHUH� LV� GLYHUVLW\�� LI� DQ\� DW� DOO�� IURP� WZR� DQWHQQDV�� 7KLV� KDV� WKHUHIRUH� JLYHQ�

PRWLYDWLRQ�WR�DQDO\VH�GLYHUVLW\�DW�WKH�PRELOH�DQG�GHYLVH�D�PHWKRG�WR�HYDOXDWH�LW�LQ�RUGHU�WR�DVVLVW�

WKH� GHVLJQHU� LQ� RSWLPLVLQJ� WKH� SHUIRUPDQFH� ERWK� LQ� WHUPV� RI� GLYHUVLW\� DQG� HIILFLHQF\�� 0DQ\�

VFHQDULRV� DUH� GLIIHUHQW� EHWZHHQ� WKH� EDVH� VWDWLRQ� DQG� WKH�PRELOH� LQ� DGGLWLRQ� VR� WKH\� KDYH� WR� EH�

WDNHQ� LQWR� DFFRXQW�� 7KHVH� VFHQDULRV� LQFOXGH� D� GLIIHUHQW� DQJOH� RI� DUULYDO� GLVWULEXWLRQ� LQ� WKH�

SURSDJDWLRQ� HQYLURQPHQW� DQG� GLIIHUHQW� DQWHQQD� SURSHUWLHV� VXFK� DV� PXWXDO� FRXSOLQJ�� LPSHGDQFH�

GLIIHUHQFHV�DQG�WKH�HIIHFW�WKH�DQWHQQDV�KDYH�RQ�WKHLU�ILHOG�SDWWHUQV�ZKHQ�LQ�WKH�SUHVHQFH�RI�HDFK�

RWKHU�� 7DNLQJ� WKHVH� VFHQDULRV� LQWR� DFFRXQW�� QHZ� PRGHOV� KDYH� EHHQ� GHYHORSHG� WR� HYDOXDWH� WKH�

VSDWLDO�� DQJXODU� DQG� SRODULVDWLRQ� FRUUHODWLRQ� SURSHUWLHV� RI� PRELOH� WHUPLQDO� DQWHQQDV�� 8VLQJ� WKH�

UHVXOWV� JHQHUDWHG� IURP� WKHVH� PRGHOV� WKH� GHVLJQHU� FDQ� SUHGLFW� ZKHWKHU� DQG� WR� ZKDW� H[WHQW� WZR�

PRELOH� WHUPLQDO� DQWHQQDV� SURYLGH� GLYHUVLW\�� 7KLV� GRHV� GHSHQG� RQ� FRUUHFW� LQWHUSUHWDWLRQ� RI� WKH�

UHVXOWV��ZKLFK� WKLV� WKHVLV�ZLOO� DOVR� RXWOLQH��2SWLPLVLQJ� WKH� GLYHUVLW\� LQ� WHUPV� RI� FRUUHODWLRQ� DQG�

HTXDO� PHDQ� SRZHU� OHYHO� EHWZHHQ� WKH� EUDQFKHV� FDQ� DOVR� FRPH� DW� WKH� H[SHQVH� RI� UHGXFWLRQ� LQ�

HIILFLHQF\��ZKLFK�WKLV�WKHVLV�FRQVLGHUV��

���� 6WUXFWXUH�RI�7KHVLV�

7R� EHJLQ�ZLWK�� FKDSWHU� �� FRYHUV� WKH� EDFNJURXQG� WKHRU\� WR� GLYHUVLW\�� H[SODLQLQJ� DQG� GHILQLQJ� D�

QXPEHU�RI�QRWDWLRQV�DQG�WHUPLQRORJLHV�WKDW�ZLOO�EH�XVHG�WKURXJKRXW�WKH�WKHVLV�WR�DYRLG�FRQIXVLRQ��

$Q� LPSRUWDQW� HOHPHQW�RI� WKLV� FKDSWHU�GLVFXVVHV� WKH�SURSDJDWLRQ�PRGHOV� IRU� DQJOH�RI� DUULYDO� DQG�

FURVV�SRODULVDWLRQ�FRXSOLQJ�WKDW�KDYH�EHHQ�FKRVHQ��ZLWK�UHDVRQLQJ��IRU�HYDOXDWLQJ�FRUUHODWLRQ�DQG�

0HDQ� (IIHFWLYH� *DLQ� �0(*��� 2WKHU� OLWHUDWXUH� VWXGLHG� RQ� H[LVWLQJ� PRELOH� WHUPLQDO� GLYHUVLW\�

DQWHQQDV�LV�VXPPDULVHG�JLYLQJ�W\SLFDO�H[DPSOHV�RI�KRZ�WKH\�DUH�LPSOHPHQWHG��

&KDSWHU���JLYHV�GHWDLOHG� WKHRUHWLFDO�DQDO\VLV�RI� WKH�QHZ�PRGHOV�GHYHORSHG� WR�PRGHO� WKH� VSDWLDO��

DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\�DW�WKH�PRELOH��7KH�QHZ�PRGHOV�FRQVLGHU�WKH�LPSHGDQFH��PXWXDO�

FRXSOLQJ� DQG� DQWHQQD� ILHOG� SDWWHUQ� HIIHFWV� RQ� GLYHUVLW\�� 8VLQJ� WKHVH� QHZ� WKHRUHWLFDO� PRGHOV��

FKDSWHU���VKRZV�KRZ�WKH\�DUH�DSSOLHG�WR�DQWHQQD�PHDVXUHPHQWV�RU�VLPXODWLRQV�DQG�KRZ�WKH\�DUH�

DGDSWHG�WR� WKH�DQWHQQD�ILHOG�SDWWHUQ�UHVXOWV� WDNHQ��)ROORZLQJ�WKLV��FKDSWHU���SUHVHQWV�VLPXODWLRQV�

XQGHUWDNHQ� WR� VKRZ� KRZ� DQJXODU� GLYHUVLW\� LQWHUDFWV� ZLWK� VSDWLDO� GLYHUVLW\� WR� DIIHFW� WKH� RYHUDOO�

GLYHUVLW\� IURP�ZKLFK� VRPH� SULQFLSOHV� DUH� GUDZQ�� )XUWKHU� WR� WKLV� LW� LOOXVWUDWHV� KRZ� SRODULVDWLRQ�

GLYHUVLW\��LI�SUHVHQW��LV�LQKHUHQW�ZLWKLQ�DQJXODU�GLYHUVLW\��
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&KDSWHU���GHPRQVWUDWHV�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�WKH�GLYHUVLW\�DQDO\VLV�PHWKRGV�E\�WDNLQJ�WZR�

UHDO�DSSOLFDWLRQV�DV�FDVH�VWXGLHV��7KH�ILUVW�RQH�LV�EDVHG�RQ�D�KDQGVHW�PRGHO�RI�D�GXDO�EDQG�*60�

SODQDU�DQWHQQD�ZLWK�D�PHDQGHU�OLQH�DQWHQQD�DW�WKH�RWKHU�HQG�RI�WKH�KDQGVHW��(IIHFWV�RI�WKH�KXPDQ�

KHDG� DUH� DOVR� ORRNHG� DW� EULHIO\�� 7KH� VHFRQG� DSSOLFDWLRQ� DQDO\VHV� WKH� GLYHUVLW\� SRWHQWLDO� RI� DQ�

,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD��,4+$���

)LQDOO\� FKDSWHU� �� ILQLVKHV� RII� ZLWK� D� SURSRVDO� IRU� D� PRELOH� UDGLR� IDGLQJ� VLPXODWRU�� ZLWK�

LQYHVWLJDWLRQV�PDGH�LQWR�LWV�IHDVLELOLW\��7KH�SXUSRVH�RI�VXFK�D�WHVWLQJ�ULJ�ZRXOG�DOORZ�GLYHUVLW\�DW�

WKH�PRELOH�WR�EH�DQDO\VHG�XQGHU�GLIIHUHQW�DQJOH�RI�DUULYDO�DQG�FURVV�SRODU�FRXSOLQJ�FRQGLWLRQV�DQG�

KHQFH�YHULI\�WKHRUHWLFDO�PRGHOV�XVHG��&RQFOXVLRQV�DQG�LGHDV�IRU�IXWXUH�ZRUN�DUH�JLYHQ�LQ�FKDSWHU�

���

���� 1RYHO�:RUN�8QGHUWDNHQ�

7KH� IROORZLQJ� RULJLQDO� FRQWULEXWLRQV� WR� NQRZOHGJH� SUHVHQWHG� LQ� WKLV� WKHVLV� DUH� OLVWHG� EHORZ�

FKURQRORJLFDOO\��

��� 0RGHOOLQJ� DQG� FKDUDFWHULVLQJ� SRODULVDWLRQ� GLYHUVLW\� RI� ERWK� PRELOH� DQG� VWDWLF� IDGLQJ�

HQYLURQPHQWV��

��� 'HULYDWLRQ�RI� VSDWLDO� GLYHUVLW\� DW� WKH�PRELOH� IRU� ERWK� KRUL]RQWDOO\� DQG�YHUWLFDOO\� VSDFHG�

SRLQWV�DW�WKH�PRELOH�VXFK�WKDW�WKH�GLDJRQDO�VSDWLDO�FRUUHODWLRQ�FDQ�EH�HYDOXDWHG��

��� &DOFXODWLRQ� RI� VSDWLDO� GLYHUVLW\� SURGXFHG� DW� WKH� UHFHLYHU� LQ� WKH� SUHVHQFH� RI� PXWXDO�

FRXSOLQJ�DQG�LPSHGDQFH�GLIIHUHQFHV�LQ�WKH�DQWHQQDV��

��� 'HULYDWLRQ� RI� DQJXODU� GLYHUVLW\� FKDUDFWHULVWLFV� DW� WKH� RXWSXW� SRUW� RI� WKH� DQWHQQDV� ZLWK�

LPSHGDQFH�HIIHFWV�FRQVLGHUHG��

��� 7KH�PHWKRG�IRU�HYDOXDWLRQ�RI�GLYHUVLW\�DW� WKH�PRELOH�IURP�PHDVXUHPHQWV�RU�VLPXODWLRQV�

FDUULHG�RXW��

��� $QDO\VLV�RI� WKH�FRQWULEXWLRQV�RI�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\�DQG�KRZ�WKH\�

LQWHUDFW�WR�DIIHFW�WKH�RYHUDOO�GLYHUVLW\�SHUIRUPDQFH��

��� (YDOXDWLRQ�RI�WKH�GLYHUVLW\�FKDUDFWHULVWLFV�RI�D�W\SLFDO�PRELOH�KDQGVHW�DQG�ZKDW�WKH�PDLQ�

FRQWULEXWLRQV�DUH��

��� $QDO\VLV�RI�WKH�GLYHUVLW\�SRWHQWLDO�RI�DQ�,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD��,4+$���
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���� 3XEOLFDWLRQV�

7KH�IROORZLQJ�MRXUQDO�SXEOLFDWLRQV�KDYH�EHHQ�ZULWWHQ�DZDLWLQJ�VXEPLVVLRQ��

� 7��:��&��%URZQ��6��5��6DXQGHUV��0��)LDFFR��³&KDUDFWHULVDWLRQ�RI�3RODUL]DWLRQ�'LYHUVLW\�DW�

WKH�0RELOH´�

� 7��:��&��%URZQ��6��5��6DXQGHUV��³$QDO\VLV�RI�0RELOH�7HUPLQDO�'LYHUVLW\�$QWHQQDV´�

7KH�IROORZLQJ�FRQIHUHQFH�SXEOLFDWLRQV�KDYH�DOVR�EHHQ�SURGXFHG��

� 7��:��&�� %URZQ�� 6�� 5�� 6DXQGHUV�� ³6SDWLDO� 'LYHUVLW\� RI� 7ZR�&ORVHO\� 6SDFHG�'LSROHV´��

(365&�3RVWJUDGXDWH�5HVHDUFK�LQ�(OHFWURQLFV��3KRWRQLFV��&RPPXQLFDWLRQV�DQG�6RIWZDUH�

�35(3���$SULO�������DZDUGHG�EHVW�SDSHU�LQ�WKH�FRPPXQLFDWLRQV�WUDFN��

� 7�� :�� &�� %URZQ�� 6�� 5�� 6DXQGHUV�� ³0RGHOOLQJ� 3RODULVDWLRQ� 'LYHUVLW\� DW� WKH� 0RELOH�

7HUPLQDO´�� ,((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $QWHQQDV� DQG� 3URSDJDWLRQ� �,&$3��� $SULO�

������

� 7��:��&��%URZQ��.��&��'��&KHZ��6��5��6DXQGHUV��³$QDO\VLV�RI�WKH�'LYHUVLW\�3RWHQWLDO�RI�

DQ�,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD´��6XEPLWWHG�WR�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

$QWHQQDV�DQG�3URSDJDWLRQ��,&$3���$SULO�������

�

�
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&KDSWHU���

�� %DFNJURXQG�WR�'LYHUVLW\�

)RU�GLYHUVLW\� WR�EH�VXFFHVVIXO� LQ�D�PRELOH�IDGLQJ�HQYLURQPHQW�� WKHUH�DUH�VSHFLILF�FRQGLWLRQV� WKDW�

KDYH� WR� EH�PHW� LQFOXGLQJ� ORZ�EUDQFK� FRUUHODWLRQ�� HTXDO� EUDQFK� SRZHU� DQG�PLQLPXP� HIILFLHQF\�

ORVV�� ZKLFK� ZLOO� EH� VXPPDULVHG�� $W� WKH� PRELOH�� WKH� VLWXDWLRQ� LV� PRUH� FRPSOH[� ZLWK� JUHDWHU�

UHVWULFWLRQV� WKDQ� WKH� EDVH� VWDWLRQ� DV� IDU� DV� DQWHQQD� GHVLJQ� LV� FRQFHUQHG�� KHQFH� WKHUH� LV� JUHDWHU�

GLIILFXOW\�LQ�PHHWLQJ�WKH�FRQGLWLRQV��,W�PD\�EH�WKH�FDVH�WKDW�WKH�PRELOH�WHUPLQDO�KDV�D�OLPLWHG�OHYHO�

RI� GLYHUVLW\� SHUIRUPDQFH� GXH� WR� LQKHUHQW� SUREOHPV� HQFRXQWHUHG� DW� WKH� PRELOH�� 7KHUHIRUH� WKH�

LPSOLFDWLRQV�ZLOO�EH�GLVFXVVHG�LQ�WKLV�FKDSWHU��

%HIRUH�FRQVLGHULQJ�WKH�HIIHFWV�RI�WKH�DQWHQQDV�DW�WKH�PRELOH��WKH�SURSDJDWLRQ�HQYLURQPHQW�PXVW�EH�

WDNHQ� LQWR� DFFRXQW�� ZKLFK� ZLOO� EH� GLIIHUHQW� WR� WKDW� RI� WKH� EDVH� VWDWLRQ�� 0DMRU� GLIIHUHQFHV� ZLOO�

LQFOXGH�LQFRPLQJ�DQJOH�RI�DUULYDO��$2$��RI�VLJQDOV�DQG�WKHLU�SRODULVDWLRQ��,Q�GHSWK�LQYHVWLJDWLRQ�

DQG�H[SHULPHQWDWLRQ�RQ�WKH�DQJOH�RI�DUULYDO�LV�EH\RQG�WKH�VFRSH�RI�WKLV�WKHVLV�DOWKRXJK�D�VXLWDEOH�

PRGHO�LV�SURSRVHG�EDVHG�RQ�OLWHUDWXUH�UHYLHZHG��

7KH� ILQDO� SDUW� RI� WKLV� FKDSWHU� ZLOO� H[SORUH� ZD\V� LQ� ZKLFK� GLYHUVLW\� DOUHDG\� KDV� RU� FRXOG� EH�

LPSOHPHQWHG� DW� WKH� PRELOH�� 6LQFH� PRUH� PRELOH� WHUPLQDO� GHYLFHV� ZLOO� EHFRPH� ZLUHOHVV� LQ� WKH�

IXWXUH��SRVVLEOH�PHWKRGV�IRU�LPSOHPHQWDWLRQ�DUH�FRQVLGHUHG�WKHUH�DV�ZHOO��

���� 'LYHUVLW\�6\VWHPV�DQG�'LYHUVLW\�*DLQ�

$�QXPEHU�RI�UHVRXUFHV�KDYH�XVHG�GLIIHUHQW�QDPHV�DQG�QRWDWLRQV�UHODWHG�WR�GLYHUVLW\��ZKLFK�FDQ�LQ�

PDQ\�FDVHV�FDXVH�FRQIXVLRQ��,W�LV�LPSRUWDQW�WKHUHIRUH�WKDW�WKH�WHUPV�XVHG�LQ�WKLV�WKHVLV�DUH�SURSHUO\�

H[SODLQHG��ZKLFK� LQFOXGH� WKH�GLIIHUHQW� IRUPV�RI�FRUUHODWLRQ��FURVV�SRODU� UDWLR��GLYHUVLW\�JDLQ�DQG�

KRZ�WKH\�DUH�UHODWHG�WR�HDFK�RWKHU��

������ 'LYHUVLW\�UHFHLYHUV�

7KH�EDVLF�VWUXFWXUH�RI�D�GLYHUVLW\�UHFHLYHU�LV�VKRZQ�LQ�)LJXUH�����ZKHUH�WKH�WZR�UHFHLYHU�DQWHQQDV��

³$QWHQQD��´� DQG�³$QWHQQD��´�� UHFHLYH�GLIIHUHQW� �RU�XQFRUUHODWHG��PXOWLSDWK� IDGLQJ� VLJQDOV�ZLWK�

VRPH�GHHS�QXOOV�DV�WKH�PRELOH�PRYHV��,I�WKH�WZR�VLJQDOV�DUH�XQFRUUHODWHG��LW�LV�UDUHO\�WKH�FDVH�WKDW�

WKH�WZR�PXOWLSDWK�IDGLQJ�VLJQDOV�ZLOO�EH�LQ�D�GHHS�QXOO�DW�WKH�VDPH�WLPH��7KHUHIRUH�ZLWK�WKH�WZR�
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VLJQDOV� FRPELQHG�� WKHUH� DUH� IHZ� GHHS� QXOOV� DW� WKH� RXWSXW�� &RPELQLQJ� WKH� WZR� VLJQDOV� FUHDWHV� D�

KLJKHU�PHDQ�VLJQDO�WR�QRLVH�UDWLR�DW�WKH�RXWSXW�FRPSDUHG�WR�D�VLQJOH�EUDQFK��UHVXOWLQJ�LQ�D�GLYHUVLW\�

JDLQ��

&RPELQHU

$QWHQQD��

$QWHQQD��

+LJKHU�0HDQ�
6LJQDO�WR
1RLVH�UDWLR
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)LJXUH�����'LDJUDP�VKRZLQJ�D�EDVLF�GLYHUVLW\�UHFHLYHU�VWUXFWXUH�

7KH�FRPELQHU�VKRZQ�LQ�)LJXUH�����LV�HIIHFWLYHO\�D�³EODFN�ER[´�VLQFH�WKHUH�DUH�GLIIHUHQW�ZD\V�LQ�

ZKLFK�WKH�VLJQDOV�FDQ�EH�FRPELQHG��%HIRUH�UHDGLQJ�IXUWKHU�� WKH�IRXU�W\SHV�RI�GLYHUVLW\�FRPELQHU�

QHHG� WR� EH� QRWHG� >6DXQG��@�� ZKLFK� DUH� VHOHFWLRQ� FRPELQLQJ�� VZLWFKHG�� HTXDO� JDLQ� FRPELQLQJ�

�(*&�� DQG� PD[LPXP� UDWLR� FRPELQLQJ� �05&��� 6HOHFWLRQ� FRPELQLQJ� ZRUNV� E\� VHOHFWLQJ� WKH�

PD[LPXP�EUDQFK�DW�DQ\�LQVWDQWDQHRXV�SRLQW��6ZLWFKHG�FRPELQLQJ�ZRUNV�E\�VZLWFKLQJ�WR�WKH�RWKHU�

EUDQFK�ZKHQ� RQH� EUDQFK� IDOOV� EHORZ� D� WKUHVKROG�� (*&�ZRUNV� E\� DGGLQJ� WKH� EUDQFKHV� WRJHWKHU�

ZKHQ�WKH\�DUH�FR�SKDVHG��)LQDOO\�05&�DSSOLHV�SKDVH�ZHLJKWV�WR�HDFK�EUDQFK�VXFK�WKDW�WKH�RXWSXW�

ZLOO�EH�WKH�VXP�RI�WKHLU�VLJQDO�WR�QRLVH�UDWLRV��

$OO� WKH�FRPELQLQJ�PHWKRGV�H[FHSW� WKH�VZLWFKHG�FRPELQHU�UHTXLUH� WZR�UHFHLYHUV� LI� WKHUH�DUH� WZR�

GLYHUVLW\�EUDQFKHV��$W�WKH�PRELOH�WHUPLQDO��LPSOHPHQWLQJ�WZR�UHFHLYHUV�LV�RIWHQ�XQHFRQRPLFDO��,Q�

DGGLWLRQ� WR� WKH� HFRQRPLF� UHVWULFWLRQV� DUH� OLPLWHG� EDWWHU\� OLIH�� VL]H� UHVWULFWLRQV� DQG� FRPSOH[LW\��

7KHUHIRUH�D�VZLWFKHG�FRPELQHU�LV�LPSOHPHQWHG�LQ�PRELOH�WHUPLQDOV�DW�SUHVHQW��,W�PD\��KRZHYHU��

EH� WKH� FDVH� WKDW� LQ� WKH� IXWXUH� WKH� DERYH� SUREOHPV� ZLOO� EH� RYHUFRPH� E\� LQWHJUDWHG� FLUFXLW�

WHFKQRORJ\�DGYDQFHV�VR�D�VHFRQG�UHFHLYHU�FRXOG�EH�LPSOHPHQWHG�DW�WKH�PRELOH�>.QXG��@��,Q�DQ\�

LQVWDQFH��WKLV�KDV�OLWWOH�HIIHFW�RQ�PXFK�RI�WKH�ZRUN�SUHVHQWHG�LQ�WKLV�WKHVLV��

0RGHOOLQJ� D� VZLWFKHG� FRPELQHU� LV� GLIILFXOW� VLQFH� LW� UHOLHV� RQ� WKH� FRUUHFW� WKUHVKROG� EHLQJ� VHW� LQ�

RUGHU� WR� VZLWFK� ZKHQ� QHFHVVDU\�� 7KH� PD[LPXP� SHUIRUPDQFH� WKDW� D� VZLWFKHG� FRPELQHU� FDQ�

DFKLHYH�LV�WKH�VDPH�DV�WKDW�RI�D�VHOHFWLRQ�FRPELQHU��*LYHQ�WKDW�D�VHOHFWLRQ�FRPELQHU�LV�VLPSOH�WR�

PRGHO�DQG�WKDW�LW�LV�WKH�LGHDO�FDVH�IRU�D�VZLWFKHG�FRPELQHU��LW�ZLOO�EH�XVHG�LQ�WKLV�WKHVLV�WR�PRGHO�

WKH�GLYHUVLW\�JDLQ�XQOHVV�RWKHUZLVH�VWDWHG��
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(TXDWLRQV�������DQG�������DUH�SORWWHG�LQ�)LJXUH�����VR�LW�FDQ�EH�VHHQ�KRZ�LQFUHDVLQJ�WKH�QXPEHU�RI�

EUDQFKHV��1�� UHGXFHV� WKH� SUREDELOLW\� RI� IDGHV� EHORZ� D� JLYHQ� WKUHVKROG��$OVR� VKRZQ� KHUH� LV� WKH�

'LYHUVLW\�*DLQ��'*��ZKLFK�LV�WKH�LQFUHDVH�LQ�VLJQDO�WR�QRLVH�UDWLR�RI�D�FRPELQHG�RXWSXW�FRPSDUHG�

WR�D�VLQJOH�EUDQFK��,Q�WKLV�FDVH��WKH�'LYHUVLW\�*DLQ�LV�HYDOXDWHG�ZKHQ�WKHUH�LV�D�3�g���gV�G��RI����

�L�H������UHOLDELOLW\���$QDO\VLV�RI�GLYHUVLW\�UHFHLYHUV�IURP�>6FK��@�VKRZV�WKDW�E\�DSSUR[LPDWLRQ��LI�
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VR�WKDW�E\�UH�DUUDQJLQJ�WKH�HTXDWLRQ�WKH�GLYHUVLW\�JDLQ�IRU�D������HIILFLHQW�WZR�EUDQFK�VHOHFWLRQ�

FRPELQHU� LV���G%�ZLWK�3�g���gV�G��DW�����$QRWKHU�ZD\�RI� LGHQWLI\LQJ� WKH�GLYHUVLW\�JDLQ�FDQ�EH�

IRXQG�IURP�)LJXUH�����ZKHUH�WKH�LQFUHDVH�LQ�VLJQDO�WR�QRLVH�UDWLR�LV�VKRZQ��)XUWKHU�EUDQFKHV�ZLOO�

LQFUHDVH� WKH�GLYHUVLW\�JDLQ�IXUWKHU��&XUUHQW�PRELOH� WHUPLQDOV�VXFK�DV�KDQGVHWV�ZLOO�JHQHUDOO\�XVH�

RQO\� WZR�EUDQFKHV��)XWXUH� WHFKQRORJ\�LV� ORRNLQJ�WRZDUGV� LPSOHPHQWLQJ�PRUH�GLYHUVLW\�EUDQFKHV�

>1¡UN��@� >/HDFK��@�� ZKLFK� ZLOO� EH� UHTXLUHG� ZKHQ� PRYLQJ� WRZDUGV� EURDGEDQG� PXOWLPHGLD�

FRPPXQLFDWLRQV� DW� WKH� PRELOH�� ([DPSOHV� RI� WKLV� DUH� 0XOWLSOH� ,QSXW�0XOWLSOH� 2XWSXW� �0,02��

WHFKQLTXHV� >%HDFK��@� DQG� VSDFH� WLPH� FRGLQJ� DSSOLFDWLRQV� >.DW]��@�� :KHQ� GLYHUVLW\� JDLQ� LV�

UHIHUUHG�WR�LQ�WKLV�WKHVLV�LW�ZLOO�EH�IRU�����UHOLDELOLW\��
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WDNHQ�RYHU� WR� FRUUHODWH��7KH� WZR� IDGLQJ�VLJQDOV�Y��W�� DQG�Y��W�� DUH�YROWDJH� IXQFWLRQV�RI� WLPH�DQG�

KDYH�PHDQ�YDOXHV�
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)RU� HYDOXDWLQJ� FRUUHODWLRQ� EHWZHHQ� WZR� DQWHQQDV�� WKH� FRPSOH[� FRUUHODWLRQ� LV� HYDOXDWHG� LQ� WKH�

DQJXODU�GRPDLQ�DV�IROORZV�>3HG��@��
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KRUL]RQWDO�&DUWHVLDQ�(�ILHOG��(\� >9P
��@�� %RWK� EUDQFKHV� LQ� HTXDWLRQ� ������ KDYH�(�ILHOGV��(qQ� DQG�

(fQ�>9P
��@�UHVSHFWLYHO\��$V�ZHOO�DV�WKH�ILHOGV�DW�HDFK�DQJOH��WKH�DQJOH�RI�DUULYDO�GHQVLW\�LQ�ERWK�WKH�

YHUWLFDO�DQG�KRUL]RQWDO�SODQHV��L�H�� ( )fq
q

�S �DQG� ( )fqf �S ��DIIHFW�WKH�FRUUHODWLRQ��)LQDOO\�LW�LV�QRW�

REYLRXV�KHUH�ZKDW�WKH�DQJOHV�q�DQG�f�>R@�UHSUHVHQW�VR�IRU�UHIHUHQFH�SXUSRVHV��q� LV�UHODWLYH�WR�WKH�

YHUWLFDO�D[LV��]��DQG�f�LV�LQ�WKH�KRUL]RQWDO�SODQH�DV�VKRZQ�LQ�)LJXUH������
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�� �< N �ZKHUH�XQLW\�LV�WKH�LGHDO�FDVH��8QGHU�WKLV�FRQGLWLRQ��N�FDQ�EH�PXOWLSOLHG�E\�WKH�GLYHUVLW\�

JDLQ�RI�D�WZR�EUDQFK�V\VWHP�WR�ILQG�WKH�QHZ�GLYHUVLW\�JDLQ�IRU�D�VHOHFWLRQ�FRPELQHU�>6FK��@���7KLV�

LV�GXH�WR�WKH�IDFW�WKDW�HTXDWLRQ��������ZKHQ�1� ����EHFRPHV��
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�
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7R�DYRLG�VLJQLILFDQW�ORVV�LQ�GLYHUVLW\�JDLQ�N�VKRXOG�EH�JUHDWHU�WKDQ�±�G%��DVVXPLQJ�WKH�FRUUHODWLRQ�

LV�ORZ���,I�GLYHUVLW\�JDLQ�LV�WR�EH�DW�DOO�SRVVLEOH�WKHQ�N�ZLOO�QHHG�WR�EH�DERYH�±��G%�RU�RWKHUZLVH�

WKH� V\VWHP� LV� LQYDOLG��8QHTXDO� EUDQFK� SRZHU� LV� WKHUHIRUH� D� GLVDGYDQWDJH� WR� VHOHFWLRQ� GLYHUVLW\��

+RZHYHU�LW�VKRXOG�EH�QRWHG�WKDW�05&�SURYLGHV�RSWLPDO�FRPELQLQJ�VXFK�WKDW�WKH�VLJQDO�WR�QRLVH�

UDWLRV�RI�HDFK�EUDQFK�DUH�DGGHG��ZKLFK�UHGXFHV�WKH�LPSDFW�RI�N�>-DN��@��

������ (IILFLHQF\�RI�D�GLYHUVLW\�V\VWHP�DQG�V\VWHP�JDLQ�

:KLOH�ERWK� ORZ�FRUUHODWLRQ�DQG�HTXDO�PHDQ�SRZHU� LQ� WKH� WZR�EUDQFKHV�PD\�DOORZ�WKH�VHOHFWLRQ�

FRPELQHU�WR�ZRUN�WR�LWV�RSWLPXP�SHUIRUPDQFH��WKLV�PD\�RFFXU�DW�WKH�H[SHQVH�RI�ORVLQJ�HIILFLHQF\�

DW� WKH�PRELOH� WHUPLQDO�� 7KHUHIRUH� WKH� HIILFLHQF\� FRXOG� UHGXFH� VR�PXFK� FRPSDUHG� WR� WKH� VLQJOH�

UHIHUHQFH� EUDQFK� WKDW� WKHUH� LV� SRVVLEO\� QR� UHVXOWDQW� JDLQ�� ,W� PD\� EH� SRVVLEOH� WKDW� WKH� VLJQDO�

LQFUHDVHV�ZLWK� LPSURYHPHQW� LQ� DQWHQQD� JDLQ��+HQFH� D� VLJQDO� WR� QRLVH� UDWLR� IDFWRU��/�� KDV� WR� EH�

EURXJKW�LQWR�WKH�HTXDWLRQ�VXFK�WKDW�LQ�OLQHDU�IRUP��

( )
�

���PD[
3

33
/ = � �������

ZKHUH�3��DQG�3��>:@�DUH�WKH�SRZHU�OHYHOV�LQ�EUDQFKHV���DQG���UHVSHFWLYHO\�DQG�3��LV�WKH�SRZHU�

IURP�WKH�RULJLQDO�VLQJOH�EUDQFK��



&KDSWHU����%DFNJURXQG�WR�'LYHUVLW\�
�

�

� ��

+DYLQJ� HVWDEOLVKHG� WKH� GLYHUVLW\� JDLQ�� '*�� IURP� WKH� FRUUHODWLRQ� DQG� EUDQFK� SRZHU� UDWLR�� LW� LV�

SURSRVHG�KHUH�WKDW�WKH�V\VWHP�JDLQ�VKRXOG�EH�LQWURGXFHG��7KH�V\VWHP�JDLQ��6*��LV�GHILQHG�LQ�OLQHDU�

IRUP�DV��

/�= '*6* �
�������

,Q�VRPH�FDVHV��LW�PD\�EH�DUJXHG�WKDW�WKH�V\VWHP�JDLQ�VKRXOG�VWLOO�EH�WHUPHG�DV�GLYHUVLW\�JDLQ�VLQFH�

LW� LV� D� GLUHFW� FRPSDULVRQ� RI� WZR� V\VWHPV�� ,Q� FHUWDLQ� FDVHV� WKLV� FUHDWHV� D� SUREOHP� PDNLQJ� WKLV�

GHILQLWLRQ�RI�GLYHUVLW\�JDLQ�LQWXLWLYH�VLQFH�WKH�IROORZLQJ�FDVHV�PLJKW�RFFXU��

��� 7KH�WZR�EUDQFKHV�DUH�FRUUHODWHG�RU�WKH\�KDYH�ORZ�PHDQ�EUDQFK�SRZHU�UDWLR��7KHUH�LV�VWLOO�

VLJQLILFDQW�JDLQ�EHFDXVH�RI�KLJK�HIILFLHQF\�EXW�WKH�FRPELQHU�LV�GRUPDQW��

��� 7KH�FRPELQHU��RQ�WKH�RWKHU�KDQG��PD\�EH�ZRUNLQJ�HIIHFWLYHO\�GXH�WR�ORZ�FRUUHODWLRQ�DQG�

HTXDO�EUDQFK�SRZHU��+RZHYHU��WKH�WZR�DQWHQQDV�DUH�LQHIILFLHQW�FRPSDUHG�WR�D�VLQJOH�RQH�

LQ�ZKLFK�FDVH�FRPSDULQJ�WKH�WZR�V\VWHPV�JLYHV�D�JDLQ�RI�OHVV�WKDQ�XQLW\��L�H��D�ORVV��

7KH� DERYH� WZR� FDVHV� FDQQRW� EH� FRQVLGHUHG� DV� GLYHUVLW\� JDLQ�� ZKLFK� DUH� ERWK� YXOQHUDEOH� WR�

RFFXUULQJ�DW�WKH�PRELOH��7R�EHJLQ�ZLWK��QR�FRUUHODWHG�EUDQFKHV�SURYLGH�DQ\�GLYHUVLW\�JDLQ��QRU�LI�

WKHLU� EUDQFK�SRZHU� UDWLR� LV� OHVV� WKDQ� ���G%��+HQFH� WKH�JDLQ� LV� RQO\�EHFDXVH� WKH� V\VWHP� �RU� WKH�

DQWHQQDV� WR�EH�PRUH�SUHFLVH�� KDV� D�EHWWHU� HIILFLHQF\��$V� IRU� WKH� VHFRQG� VFHQDULR�� GLYHUVLW\�JDLQ�

FDQQRW�EH�GHILQHG�ZKHQ�LW�LV�OHVV�WKDQ�XQLW\��

,Q�FRQFOXVLRQ��GLYHUVLW\�JDLQ�FDQ�EH�FRQVLGHUHG�WKH�VDPH�DV�WKH�V\VWHP�JDLQ�ZKHQ�WKH�YDOXH�IRU�/��

LV�FORVH�HQRXJK�WR�XQLW\��,Q�VRPH�FLUFXPVWDQFHV�/�LV�XQLW\�DOWKRXJK�RIWHQ�DW�WKH�PRELOH�WHUPLQDO�

WKHUH�ZLOO�EH�GHJUDGDWLRQ�LQ�HIILFLHQF\�VR�LW�PXVW�QRW�EH�LJQRUHG��

���� 7\SHV�RI�$QWHQQD�'LYHUVLW\�

8VLQJ�DQWHQQDV�WKHUH�DUH�IRXU�PDLQ�ZD\V�RI�DFKLHYLQJ�GLYHUVLW\�LQ�RUGHU�WR�JHQHUDWH�GH�FRUUHODWHG�

VLJQDOV�DW� WKH�VDPH�EUDQFK�SRZHU� OHYHO�� ,Q� WKH�JHQHUDO�FDVH� WKHVH�DUH�NQRZQ�DV�VSDWLDO��DQJXODU��

SRODULVDWLRQ�DQG� ILHOG�GLYHUVLW\��$OO�DUH�VXPPDULVHG�EHORZ��,W� LV� LPSRUWDQW� WKDW� WKHLU�GLVWLQFWLRQV�

DUH� LGHQWLILHG� VLQFH� DW� WKH� PRELOH�� WKHUH� LV� RIWHQ� D� FRPELQDWLRQ� RI� GLIIHUHQW� W\SHV� RI� DQWHQQD�

GLYHUVLW\�WR�JLYH�DQ�RYHUDOO�SHUIRUPDQFH��ZKLFK�ODWHU�FKDSWHUV�ZLOO�DQDO\VH��

������ 6SDWLDO�GLYHUVLW\�

7KH�VLPSOHVW�DQG�PRVW�FRPPRQO\�XVHG�IRUP�RI�GLYHUVLW\�DW�WKH�EDVH�VWDWLRQ�LV�VSDWLDO�GLYHUVLW\��%\�

KDYLQJ� DQWHQQDV� DW� WZR� VHSDUDWH� SRLQWV� LQ� VSDFH� WKH� SKDVH� GHOD\� EHWZHHQ� WKHP� FDQ� DOORZ� WKH�

IDGLQJ�VLJQDO�LQ�WKH�VHFRQG�DQWHQQD�WR�EH�GH�FRUUHODWHG�IURP�WKH�ILUVW�DQWHQQD��,Q�RUGHU�WR�DFKLHYH�
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VXIILFLHQW� GH�FRUUHODWLRQ�� WKH� DQWHQQDV� PXVW� KDYH� D� PLQLPXP� VSDFLQJ�� ZKLFK� LV� JUHDWHU� WKDQ�

VHYHUDO�ZDYHOHQJWKV�DW�WKH�EDVH�VWDWLRQ�LQ�DQ�XUEDQ�DUHD�>-DN��@��$W�WKH�PRELOH��WKLV�LV�QRW�WKH�FDVH�

VLQFH� WKH� DQJOH� RI� DUULYDO� LV�ZLGHU��%\� DVVXPLQJ� WKDW� WKHUH� LV� XQLIRUP� DQJOH� DUULYDO� DURXQG� WKH�

D]LPXWK�RI�WKH�PRELOH�DQG�QR�HOHYDWLRQ�DQJOH�RI�DUULYDO��WKH�FRUUHODWLRQ�FDQ�EH�GHULYHG�IURP�WKH�

]HUR�RUGHU�%HVVHO�IXQFWLRQ��-��[��>6DXQG��@��

( )G- br
���

= �
�������

ZKHUH�b�LV�WKH�SKDVH�FRQVWDQW��L�H��SKDVH�LQ�UDGLDQV�SHU�XQLW�GLVWDQFH��DQG�G�LV�WKH�DQWHQQD�VSDFLQJ�

DV� D� XQLW� GLVWDQFH�� 7KLV� HTXDWLRQ� VKRZV� WKDW� WKH� PLQLPXP� GLVWDQFH� IRU� QHJOLJLEOH� FRUUHODWLRQ�

EHWZHHQ�WZR�SRLQWV�LQ�VSDFH�DW�WKH�PRELOH�LV�����ZDYHOHQJWKV��+RZHYHU��WKLV�GRHV�QRW�FRQVLGHU�WKH�

PXWXDO� FRXSOLQJ� EHWZHHQ� WKH� DQWHQQDV�� ZKLFK� ZLOO� EH� VKRZQ� WR� FKDQJH� VSDWLDO� FRUUHODWLRQ�

DOWKRXJK�DQWHQQDV�FORVHU�WKDQ�����ZDYHOHQJWKV�VXFK�DV�RQ�D�PRELOH�KDQGVHW�FDQ�JLYH�OLWWOH�VFRSH�

IRU� VSDWLDO�GLYHUVLW\��$W� VXFK�GLVWDQFHV� WKHUH� LV� D�JUHDWHU� FRQWULEXWLRQ�RI�RWKHU� IRUPV�RI� DQWHQQD�

GLYHUVLW\��PDLQO\�DQJXODU�GLYHUVLW\��ZKLFK�FRQWULEXWH�WR�ORZHU�FRUUHODWLRQ�VHHQ�IURP�PHDVXUHPHQWV�

XQGHUWDNHQ�ZLWK�FORVHO\�VSDFHG�GLSROHV�DQG�PRQRSROHV�>3DUV��@��

6SDWLDO�GLYHUVLW\�VKRXOG�QRW�EH�UXOHG�RXW�DW�WKH�PRELOH�VLQFH�ODUJHU�PRELOH�WHUPLQDOV��H�J��QRWHERRN�

FRPSXWHUV�DQG�HOHFWURQLF�RUJDQLVHUV��SRVVLEO\�FRPPXQLFDWLQJ�DW�KLJKHU�IUHTXHQFLHV�LQ�WKH�IXWXUH�

FRXOG� DOORZ� WKH� DQWHQQDV� WR� EH� VSDFHG� IDU� HQRXJK� DSDUW� LQ� WHUPV� RI� ZDYHOHQJWKV�� 7KLV� ZLOO�

WKHUHIRUH�SURYLGH�VFRSH�IRU�VSDWLDO�GLYHUVLW\��

������ $QJXODU�GLYHUVLW\�

,Q�PDQ\�FDVHV�DW�WKH�PRELOH�WHUPLQDO�WKHUH�LV�DQ�HOHPHQW�RI�DQJXODU�GLYHUVLW\��,Q�WKLV�VLWXDWLRQ��WKH�

DQWHQQDV�ZLOO�KDYH�PRUH�VLJQLILFDQW�JDLQ�LQ�GLIIHUHQW�GLUHFWLRQV��ZKLFK�PHDQV�WKDW�WKH\�DUH�SLFNLQJ�

XS�PRUH�VLJQDOV�IURP�GLIIHUHQW�DQJOHV��6LQFH�WKH�IDGLQJ�VLJQDOV�FRPLQJ�IURP�GLIIHUHQW�GLUHFWLRQV�

DUH�LQGHSHQGHQW�WKHQ�DQJXODU�GLYHUVLW\�FDQ�EH�LPSOHPHQWHG��7KLV�KDV�EHHQ�FRQVLGHUHG�DW�WKH�EDVH�

VWDWLRQ�LQ�VRPH�FDVHV�DQG�FRPSDUHG�ZLWK�VSDWLDO�GLYHUVLW\�>9DXJ��@�>3HULQL��@�>-XNND��@��

$W�WKH�PRELOH�WHUPLQDO�DQJXODU�GLYHUVLW\�FDQ�RFFXU�E\�WZR�RPQL�GLUHFWLRQDO�DQWHQQDV�LQWHUDFWLQJ�

ZLWK�HDFK�RWKHU�ZKLOH�FORVHO\�VSDFHG��7KH�DQWHQQDV�FDQ�DFW�DV�SDUDVLWLF�HOHPHQWV�WR�HDFK�RWKHU�DQG�

FKDQJH�WKHLU�SDWWHUQV�WR�DOORZ�VLJQDOV�WR�EH�SLFNHG�XS�DW�GLIIHUHQW�DQJOHV�>/HDWK��@��)XUWKHU�WR�WKLV�

VRPH�DQWHQQD�WHFKQRORJ\�KDV�EHHQ�GHYHORSHG�WR�DOORZ�DQWHQQD�EHDPV�WR�EH�VWHHUHG�DW�WKH�PRELOH�

E\�FKDQJLQJ�WKH�IHHG�SRLQW�LPSHGDQFH�RI�SDUDVLWLF�HOHPHQWV�>9DXJ��@��
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������ 3RODULVDWLRQ�GLYHUVLW\�

,Q� UHFHQW� \HDUV�� UHVHDUFK� KDV� EHHQ� FDUULHG� RXW� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI� SRODULVDWLRQ�

GLYHUVLW\�DW�WKH�EDVH�VWDWLRQ�>7XUN��@�>&KR��@��)XUWKHU�WR�WKLV�LW�KDV�DOUHDG\�EHHQ�LPSOHPHQWHG�LQ�

FHUWDLQ�FDVHV�>%HFN��@�DQG�LV�ZLGHO\�DSSOLHG�LQ�SUDFWLFH�IRU�QHZ�FHOOXODU�EDVH�VWDWLRQ�LQVWDOODWLRQV��

8VLQJ� VSDWLDO� GLYHUVLW\� DW� WKH� EDVH� VWDWLRQ� FUHDWHV� ODUJH� DQWHQQD� VWUXFWXUHV�� ZKLFK� KDYH� JUHDW�

HQYLURQPHQWDO� LPSDFW��3RODULVDWLRQ�GLYHUVLW\� LV� FXUUHQWO\�EHLQJ� LPSOHPHQWHG� IXUWKHU� WR� DOOHYLDWH�

WKLV�SUREOHP�VLQFH�WKH\�DUH�FR�ORFDWHG�DQWHQQDV�DQG�VPDOOHU�LQ�VL]H��7KHRUHWLFDO�PRGHOV�KDYH�EHHQ�

GHYHORSHG�LQ�WKH�SDVW�>.R]��@�>9DXJ��@�WR�VKRZ�WKDW�DW�WKH�EDVH�VWDWLRQ�WKH�ODUJHVW�V\VWHP�JDLQ�

RFFXUV�ZKHQ�WKH�WZR�DQWHQQDV�DUH�SRODULVHG�DW����R�ZKHQ�WKH�YHUWLFDO�LV�XVHG�DV�D�VLQJOH�UHIHUHQFH��

$OVR� LW� KDV� EHHQ� VKRZQ� KRZ� SRODULVDWLRQ� GLYHUVLW\� FDQ� EH� LQWHJUDWHG� ZLWK� VSDWLDO� GLYHUVLW\�

>(JJ��@��

$W� WKH� PRELOH� WHUPLQDO�� SRODULVDWLRQ� GLYHUVLW\� LV� DOVR� DQ� DWWUDFWLYH� RSWLRQ� EHFDXVH� RI� WKH� VL]H�

OLPLWDWLRQV� LQYROYHG�� +RZHYHU�� WKHUH� LV� VWLOO� QHHG� IRU� D� PRUH� DSSURSULDWH� PRGHO� WR� XVH� JLYHQ�

VFHQDULRV� VXFK� DV� ORZ� LVRODWLRQ� EHWZHHQ� WKH� EUDQFKHV�� SRODULVDWLRQ� LPSXULWLHV�� ZLGH� DQJOH� RI�

DUULYDO�GLVWULEXWLRQ�DQG�GLIIHULQJ�DQWHQQD�ILHOG�SDWWHUQV��

������ )LHOG�GLYHUVLW\�

7KH�IRXUWK�IRUP�RI�DQWHQQD�GLYHUVLW\�WKDW�LV�QRW�XVHG�LQ�WKLV�WKHVLV�EXW�VKRXOG�EH�PHQWLRQHG�DW�WKLV�

SRLQW� LV� ILHOG� GLYHUVLW\�� $FFRUGLQJ� WR� /HH� >/HH��@� DQ� (�ILHOG�� (]�� DOVR� JHQHUDWHV� LQGHSHQGHQW�

PDJQHWLF�FRPSRQHQWV�+\�DQG�+[��%\�XVLQJ�DQ�HQHUJ\�GHQVLW\�ORRS�DQWHQQD�LW�LV�SRVVLEOH�WR�H[WUDFW�

WKHVH�WKUHH�VLJQDOV�WR�FRPELQH�WKHP�DV�DSSURSULDWH��,Q�JHQHUDO��KRZHYHU��PRELOH�WHUPLQDO�DQWHQQDV�

DUH�GHVLJQHG�DV�HOHFWULF�ILHOG�DQWHQQDV�VR�WKHUHIRUH�WKH\�FDQQRW�FRQWDLQ�DQ\�ILHOG�GLYHUVLW\��)RU�WKLV�

UHDVRQ�� ILHOG� GLYHUVLW\� LV� QRW� LQYHVWLJDWHG� LQ� WKLV� WKHVLV� GXH� WR� WKH� GLIILFXOWLHV� WKHUH� DUH� LQ�

LPSOHPHQWLQJ�LW�LQWR�FXUUHQW�PRELOH�WHUPLQDOV��

���� $QJOH�RI�$UULYDO�'LVWULEXWLRQ�

$V�VKRZQ�LQ�HTXDWLRQ�������WKH�FRUUHODWLRQ�LV�GHSHQGDQW�RQ�WKH�DQJOH�RI�DUULYDO��$2$��GLVWULEXWLRQ�

YLD� WKH�SUREDELOLW\� GHQVLW\� IXQFWLRQV� ( )fq
q

�S � DQG� ( )fqf �S �� )RU� WKH� FRUUHODWLRQ� WR�EH� VXLWDEO\�

HYDOXDWHG� LQ� DQ\� VLWXDWLRQ� LW� LV� QHFHVVDU\� WR� DSSO\� D� VXLWDEOH� DQJOH� RI� DUULYDO�PRGHO��$� OLPLWHG�

QXPEHU� RI� PHDVXUHPHQWV� KDYH� EHHQ� FDUULHG� RXW� RQ� DQJOH� RI� DUULYDO� DW� WKH� PRELOH� LQ� XUEDQ�

HQYLURQPHQWV� DQG� RQO\� UHFHQWO\� KDYH� LQGRRU� HQYLURQPHQWV� EHHQ� FRQVLGHUHG�� )XUWKHU� UHVHDUFK� LV�

VWLOO�WR�EH�FDUULHG�RXW�LQ�WKLV�DUHD�WKHUHIRUH�DQG�LQ�GHSWK�DQDO\VLV�RI�$2$�LV�EH\RQG�WKH�VFRSH�RI�
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WKLV� WKHVLV�� $W� WKLV� SRLQW� WKH� UHVXOWV� IRXQG� WR� GDWH� DUH� VXPPDULVHG� DQG� FRQVLGHUHG� WR� MXVWLI\� D�

VXLWDEOH�PRGHO�WR�XVH�DW�WKH�PRELOH�WHUPLQDO��

������ 2XWGRRU�XUEDQ�HQYLURQPHQWV�

5HVXOWV�KDYH�EHHQ�REWDLQHG�LQ�WKH�SDVW�HLWKHU�E\�GLUHFW�PHDVXUHPHQW�FDPSDLJQV��DQDO\VLV�RI�WLPH�

YDULDQW�GDWD�XVLQJ�DOJRULWKPV�VXFK�DV�0XOWLSOH�6LJQDO�,GHQWLILFDWLRQ�DQG�&ODVVLILFDWLRQ��086,&���

)XUWKHU�WR�WKLV�WKHUH�DUH�DOVR�SURSRVHG�PRGHOV�UHSRUWHG�LQ�UHIHUHQFHV�EDVHG�RQ�UHVXOWV�DYDLODEOH�DW�

WKH�WLPH��$�VXPPDU\�RI�WKH�UHVXOWV�LV�JLYHQ�LQ�DSSHQGL[�$�ZLWK�WKH�UHIHUHQFHV�OLVWHG��$V�ZHOO�DV�

WKH�UHVXOWV��FRPPHQWV�RQ�WKH�PHWKRGV�RU�HTXLSPHQW�XVHG�DUH�QRWHG�VLQFH�WKH\�ZLOO�LQIOXHQFH�WKH�

YDOLGLW\�RI�WKH�UHVXOWV��$FFXUDF\�DQG�UHVROXWLRQ�RI�WKH�$2$�PHDVXUHPHQWV�ZLOO�DOZD\V�EH�OLPLWHG�

E\�WKH�EHDPZLGWK�RI�DQWHQQDV�XVHG�RU�E\�WKH�OLPLWV�LQ�UHVROXWLRQV�RI�DOJRULWKPV�VXFK�DV�086,&��

'HVSLWH� WKH� FRQVWUDLQWV�� D� QXPEHU� RI�PRGHOV� LQGLFDWH� D� XQLIRUP� DQJOH� RI� DUULYDO� GLVWULEXWLRQ� LQ�

D]LPXWK�ZKHUH�WKHUH�LV�DQ�1/26�FDVH��7KLV�KDV�EHHQ�UHDVRQDEOH�WR�DVVXPH�VLQFH�WKH�EDVH�VWDWLRQ�

LV�QRW�YLVLEOH� IURP� WKH�PRELOH�DQG� WKHUH� LV�HTXDO�FKDQFH�RI� D� ORFDO� �RU�QHDUE\��VFDWWHULQJ�REMHFW�

EHLQJ�DW�DQ\�DQJOH�DURXQG�WKH�PRELOH��,W�KDV�EHHQ�UHSRUWHG��KRZHYHU��WKDW�LQ�FHUWDLQ�FDVHV�WKHUH�LV�

SRVVLEO\�QRW�D�XQLIRUP�DQJOH�RI�DUULYDO� HLWKHU� IURP�PHDVXUHPHQWV� >9DXJ��@�RU� IURP�FRUUHODWLRQ�

PHDVXUHPHQWV�QRW�JLYLQJ�H[SHFWHG�UHVXOWV�WKDW�ZRXOG�RFFXU�LI�WKHUH�ZDV�D�XQLIRUP�DQJOH�RI�DUULYDO�

>'LHW��@�� ,Q� UHFHQW� GD\V�� DQJOH� RI� DUULYDO�PHDVXUHPHQWV� KDYH� UHSRUWHG� FDVHV� RI� QRQ�XQLIRUPLW\�

>.DOOL��@�� HVSHFLDOO\� IURP� QRQ�ORFDO� VFDWWHUHUV� >.XFK��@�� 5HFHQWO\�� LW� KDV� EHHQ� VXJJHVWHG� WKDW�

VWDQGDUG�XUEDQ�PRGHOV�KDYH�D�/DSODFLDQ�D]LPXWK�GLVWULEXWLRQ�>6&0��@��6XFK�UHVXOWV�VWLOO�UHTXLUH�

IXUWKHU�LQYHVWLJDWLRQ�LQWR�DSSURSULDWH�VWDQGDUG�PRGHOV�WKDW�FDQ�EH�XVHG�IRU�ZHOO�GHILQHG�W\SHV�RI�

XUEDQ�HQYLURQPHQW� VXFK�DV� VWUHHW�FDQ\RQV��RSHQ�VTXDUHV�DQG�KHDYLO\�FOXWWHUHG�DUHDV��'XH� WR� WKH�

DPELJXLW\� LQ� MXVWLI\LQJ� DQ� DSSURSULDWH� D]LPXWK� $2$� PRGHO�� LW� ZLOO� EH� DVVXPHG� XQLIRUP�

WKURXJKRXW�WKLV�WKHVLV��ZKLFK�SURYLGHV�HDVH�LQ�GLYHUVLW\�HYDOXDWLRQ�FDUULHG�RXW��9DULDWLRQ�IURP�WKLV�

PRGHO�ZLOO�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�GLYHUVLW\�SHUIRUPDQFH��DQG�VKRXOG�WKHUHIRUH�EH�WKH�VXEMHFW�

RI�IXWXUH�LQYHVWLJDWLRQV��

$V�IRU�WKH�HOHYDWLRQ��WKH�VLWXDWLRQ�EHFRPHV�FRPSOLFDWHG�VLQFH�WKHUH�LV�DOZD\V�D�YDU\LQJ�KHLJKW�RI�

VFDWWHUHUV�DQG�WKH�EDVH�VWDWLRQ�ZKLFK�GRHV�QRW�JLYH�FRQVLVWHQW�$2$�VWDWLVWLFV�IURP�WKH�UHIHUHQFHV�

LQ� DSSHQGL[�$��)XUWKHU� WR� WKLV� WKH�PHDVXUHPHQWV� DW� GLIIHUHQW� IUHTXHQFLHV� DSSHDU� WR� DIIHFW�$2$�

DOVR�� 'HVSLWH� WKH� YDULDWLRQV�� DOO� WKH� UHVXOWV� UHSRUWHG� DSSHDU� WR� LQGLFDWH� WKDW� WKH� PDMRULW\� RI�

LQFRPLQJ�VLJQDOV�DUULYH�EHWZHHQ��R�DQG���R�DERYH�WKH�KRUL]RQWDO��
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������ ,QGRRU�HQYLURQPHQWV�

6LQFH� UHVHDUFK� KDV� RQO\� UHFHQWO\� EHHQ� FDUULHG� RXW� LQ� WKLV� DUHD�� WKHUH� DUH� VWLOO� OLPLWHG� UHVXOWV� IRU�

LQGRRU�$2$� GLVWULEXWLRQV�ZKLFK� GR� QRW� JLYH� D� FOHDU� LQGLFDWLRQ� RI�ZKDW�PRGHO� FDQ� EH� DSSOLHG��

5HVXOWV�OLVWHG�LQ�DSSHQGL[�%�VKRZ�WKDW�WKHUH�DSSHDUV�WR�EH�D�XQLIRUP�D]LPXWK�GLVWULEXWLRQ�LQ�WKH�

JHQHUDO�FDVHV�DOVR��&KDUDFWHULVWLFV�FDQ�FKDQJH�UDSLGO\��KRZHYHU��GHSHQGLQJ�RQ�ZKHWKHU�WKH�PRELOH�

LV� LQ� D� GLIIHUHQW� URRP� WR� WKH� WUDQVPLWWHU� RU� LQ� WKH� VDPH� URRP� SRVVLEO\� ZLWK� D� OLQH� RI� VLJKW��

(OHYDWLRQ�DQJOH�RI�DUULYDO�GRHV�QRW�DSSHDU�WR�EH�UHVROYHG�VR�LW�LV�KDUG�WR�DVVXPH�D�VXLWDEOH�PRGHO�

KHUH��

������ 3URSRVHG�$2$�PRGHO�

$V�UHSRUWHG�E\�7DJD�>7DJD��@�WKH�$2$�FDQ�EH�DSSUR[LPDWHG�E\�D�*DXVVLDQ�IXQFWLRQ�EDVHG�RQ�WKH�

UHVXOWV� VHHQ�� $OWKRXJK� WKH� PHDQ� LV� JHQHUDOO\� FRQVWDQW�� WKH� VWDQGDUG� GHYLDWLRQ� RI� WKH� DQJOH� RI�

DUULYDO�YDULHV�EHWZHHQ�HQYLURQPHQWV�VR�WKLV�VKRXOG�EH�H[SHULPHQWHG�ZLWK�WR�VHH�KRZ�GLYHUVLW\�LV�

DIIHFWHG��,W�ZLOO�EH�DVVXPHG�KHUH�WKDW�WKH�PHDQ�RU�VWDQGDUG�GHYLDWLRQ�FDQ�EH�FKDQJHG�LI�QHFHVVDU\�

WR� JLYH� D� VXLWDEOH� $2$� DSSUR[LPDWLRQ� RI� DQ\� LQGRRU� RU� RXWGRRU� $2$� PRGHO�� 7KHUHIRUH� WKH�

IROORZLQJ�HTXDWLRQ�FDQ�EH�XVHG�>7DJD��@��
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ZKHUH�q �>UDG@�LV�WKH�PHDQ�HOHYDWLRQ�DQJOH��s$�>UDG@�LV�WKH�VWDQGDUG�GHYLDWLRQ�DQG�$�LV�D�FRQVWDQW��

/DWHU�RQ� LQ� WKLV� WKHVLV�ZLOO� LQYHVWLJDWH�KRZ�GLIIHULQJ�s$�ZLOO�DIIHFW�GLYHUVLW\�� ,W�ZLOO�EH�DVVXPHG�

QRZ�LQ�WKH�JHQHUDO�FDVH�IURP�PHDVXUHPHQWV�WDNHQ�E\�7DJD�WKDW�WKH�PHDQ�LV���R�DQG�WKH�VWDQGDUG�

GHYLDWLRQ� LV� ��R� IRU� DQ� XUEDQ� IDGLQJ� HQYLURQPHQW�� )RU� HTXDWLRQ� ������� WR� EH� XVHG� SURSHUO\�� DOO�

DQJOHV�QHHG�WR�EH�DSSOLHG�LQ�UDGLDQV��

���� &URVV�3RODU�5DWLR�

$OVR�VKRZQ�LQ�HTXDWLRQ�������LV�WKH�FURVV�SRODU�UDWLR�RI�WKH�IDGLQJ�HQYLURQPHQW��;35��ZKLFK�KDV�D�

GUDPDWLF�HIIHFW�LQ�WKH�FDVH�RI�DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\��,Q�PRVW�FDVHV��D�YDOXH�RI�DURXQG�

�G%�LV�UHSRUWHG�DW�IUHTXHQFLHV�DURXQG����0+]�>/HH��@�>.R]��@�>9DXJ��@�IURP�WKH�PRELOH�WR�WKH�

EDVH� VWDWLRQ�� +LJKHU� ;35� KDV� EHHQ� UHSRUWHG� DW� IUHTXHQFLHV� RXW� RI� WKLV� UDQJH�� ZKLFK� JLYHV�

LQGLFDWLRQ� WKDW� ;35� PLJKW� EH� IUHTXHQF\� YDULDQW� >.DOOL��@� >/XN��@�� ,W� FDQQRW�� WKHUHIRUH�� EH�

DVVXPHG�WKDW� WKH�;35� LV�DOZD\V�FRQVWDQW�GXH� WR�YDU\LQJ�IUHTXHQF\�DQG�HQYLURQPHQW��)XUWKHU� WR�

WKLV� WKHUH� LV� QR� FRQFUHWH� HYLGHQFH� VKRZQ� WR� GDWH� WKDW�;35� LV� UHFLSURFDO� VXFK� WKDW� LI� D� YHUWLFDO�
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VRXUFH�ZDV�WUDQVPLWWHG��WKHUH�ZRXOG�EH��G%�;35�RQ�DYHUDJH�DW�WKH�PRELOH��,W�FDQ�RQO\�EH�DVVXPHG�

KHUH�WKHUHIRUH�WKDW�WKH�;35�LV��G%�DOWKRXJK�YDU\LQJ�LWV�HIIHFW�RQ�GLYHUVLW\�ZLOO�EH�LQYHVWLJDWHG�LQ�

IXUWKHU�FKDSWHUV�VLQFH�LW�KDV�WR�EH�FRQVLGHUHG�DV�DQ�LQSXW�YDULDEOH�JLYHQ�WKH�FLUFXPVWDQFHV�VKRZQ��

���� ([DPSOHV�RI�0RELOH�7HUPLQDO�'LYHUVLW\�$QWHQQDV�

$�QXPEHU�RI�PRELOH�WHUPLQDO�DQWHQQDV�KDYH�EHHQ�LPSOHPHQWHG�LQ�PDQ\�GLIIHUHQW�ZD\V�DQG�WHVWHG�

RU� HYDOXDWHG� IRU� WKHLU� GLYHUVLW\� SHUIRUPDQFH�� 5HVXOWV� GR� LQGLFDWH� WKDW� VLJQLILFDQW� GLYHUVLW\�

SHUIRUPDQFH�FDQ�EH�DFKLHYHG�DW�WKH�PRELOH�LQ�GLIIHUHQW�ZD\V��ZKLFK�ZLOO�EH�SUHVHQWHG�KHUH�IURP�

OLWHUDWXUH�VWXGLHG��)XUWKHU�WR�WKLV�WKH�HIIHFWV�RI�WKH�KXPDQ�ERG\�DQG�XVDJH�LQ�GLIIHUHQW�SURSDJDWLRQ�

HQYLURQPHQWV�ZLOO�KDYH�FRQVLGHUDEOH�HIIHFWV�DV�ZHOO��ZKLFK�DUH�GLVFXVVHG�KHUH��0RELOH� WHUPLQDO�

GLYHUVLW\�DQWHQQDV�RFFXU�QRW�RQO\�RQ�PRELOH�KDQGVHWV�EXW�DOVR�RQ�RWKHU�PRELOH�HTXLSPHQW�DV�ZHOO�

VR�WKH\�ZLOO�DOVR�EH�GLVFXVVHG��

������ 'XDO�DQWHQQD�KDQGVHWV�

0RELOH�KDQGVHWV�FDQ�KDYH�WZR�DQWHQQDV�LPSOHPHQWHG�RQWR�WKHP�LQ�D�QXPEHU�RI�ZD\V�LQ�RUGHU�WKDW�

HDFK�RI�WKH�WZR�DQWHQQDV�FDQ�SLFN�XS�LQGHSHQGHQW�IDGLQJ�VLJQDOV�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW��

'LIIHUHQW�PHWKRGV�FDQ�EH�XVHG�VXFK�DV�WZR�PRQRSROHV�WKDW�FDQ�EH�SODFHG�RQ�D�KDQGVHW�>/HDWK��@�

DQG�GXDO�KHOL[�DQWHQQDV�>-DPHV��@�DOWKRXJK�VXFK�DQWHQQDV�DUH�EXON\�LQ�VL]H�DQG�QRW�VR�DSSURSULDWH�

IRU� WKH� VW\OH�RI� D�PRELOH�KDQGVHW��*LYHQ� WKLV� SUREOHP�� D� W\SLFDO� GLYHUVLW\� VROXWLRQ� FRQVLVWV� RI� D�

ZKLS�RU�KHOL[�DQWHQQD�DV�D�PDLQ�DQWHQQD�FRPSOHPHQWHG�E\�D�3ODQDU�,QYHUWHG�)�$QWHQQD��3,)$��DV�

VKRZQ�LQ�)LJXUH������D��>3HG��@�>2JDZD��@�>&RXOE��@�>%UDXQ��@�>-HQ��@��7KHUHIRUH�WKH�3,)$�LV�

LQWHUQDO�DQG�GRHV�QRW�DIIHFW�WKH�DHVWKHWLFV�RI�WKH�KDQGVHW��6LPXODWLRQV�>-HQ��@�>2JDZD��@��DQWHQQD�

PHDVXUHPHQWV�>3HG��@�>%UDXQ��@�DQG�WR�VRPH�H[WHQW�DFWXDO�SURSDJDWLRQ�PHDVXUHPHQWV�>&RXOE��@�

KDYH� LQGLFDWHG� WKDW� WKHUH� LV� VXLWDEO\� ORZ� FRUUHODWLRQ� DQG� SRVVLEO\� VRPH�GLYHUVLW\� JDLQ�ZLWK� WKLV�

DQWHQQD�DUUDQJHPHQW���
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)LJXUH�����([DPSOHV�RI�W\SLFDO�PRELOH�WHUPLQDO�DQWHQQD�KDQGVHWV���D��ZKLS�DQG�KHOL[�DQWHQQD���E��

GXDO�3,)$�DQWHQQD���F��KHOL[�DQG�FKLS�DQWHQQD�

6LPLODU�H[SHULPHQWDWLRQ� >&RXOE��@� >-HQ��@�KDV�EHHQ�FDUULHG�RXW�RQ�RWKHU�DQWHQQDV�VXFK�DV�GXDO�

3,)$�DQWHQQDV�VKRZQ�LQ�)LJXUH������E��ZKHUH�WKH�DUUDQJHPHQW�KDV�D�UHGXFHG�SURILOH��0DQ\�RWKHU�

LGHDV� H[LVW� VXFK� DV� /�DQWHQQDV� >(UlW��@� DQG� GXDO� SDWFK� DQWHQQDV� >'RXJ��@�� ,Q� UHFHQW� GD\V��

SDUWLFXODUO\�IRU�3'&�KDQGVHWV��WKH�VL]H�UHVWULFWLRQV�KDYH�RIWHQ�UHTXLUHG�WKH�GHVLJQHU�WR�XVH�D�VPDOO�

PHDQGHU�DQWHQQD�RU�FKLS�DQWHQQD�LQVLGH�WKH�WHUPLQDO�DV�VKRZQ�LQ�)LJXUH������F��>-DPHV��@��

$OWKRXJK�VRPH�HYLGHQFH�LQGLFDWHV�WKDW�WKH�PRELOH�WHUPLQDO�DQWHQQDV�KDYH�VRPH�GLYHUVLW\�LW�LV�QRW�

DW�DOO�FOHDU�KRZ��7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�ZK\�WKLV�PLJKW�EH�WKH�FDVH��

��� 'LIIHUHQW�DQWHQQD�SDWWHUQV�FDQ�LPSOHPHQW�DQJXODU�GLYHUVLW\��

��� $QWHQQDV�ZLOO�KDYH�GLIIHULQJ�SRODULVDWLRQV�WR�LPSOHPHQW�VRPH�SRODULVDWLRQ�GLYHUVLW\��

��� 3RVVLEO\�VRPH�VSDWLDO�GLYHUVLW\�H[LVWV�ZLWK�WKH�PXWXDO�FRXSOLQJ�SUHVHQW��

��� 7KH� DQWHQQDV� ZLOO� LQWHUDFW� ZLWK� HDFK� RWKHU� VR� WKDW� WKH\� ZLOO� DIIHFW� WKHLU� ILHOG� SDWWHUQV��

SRODULVDWLRQV�DQG�HIILFLHQF\��

��� )XUWKHU�FKDQJHV�ZLOO�RFFXU�ZKHQ�LQ�WDON�SRVLWLRQ��

,W� LV� WKHUHIRUH� QHFHVVDU\� WR� KDYH� D� PHWKRG� WR� HYDOXDWH� WKHRUHWLFDOO\� KRZ� WKH� DQWHQQDV� KDYH�

GLYHUVLW\�JDLQ�DQG�KRZ�DQWHQQD�SURSHUWLHV�DIIHFW�GLIIHUHQW�W\SHV�RI�GLYHUVLW\��7KLV�NQRZOHGJH�ZLOO�

KHOS� GLUHFW� WKH� GHVLJQHU� WR� RSWLPLVH� D� PRELOH� WHUPLQDO� GLYHUVLW\� DQWHQQD� JLYHQ� WKH� GHVLJQ�

VSHFLILFDWLRQV�VHW�LQFOXGLQJ�VL]H�UHVWULFWLRQV�DQG�IUHTXHQF\��2SWLPLVDWLRQ�RI�GLYHUVLW\�PD\�KDSSHQ�

DW� WKH�H[SHQVH�RI� UHGXFHG�HIILFLHQF\��KHQFH� LW� LV� DOVR� LPSRUWDQW� IRU� WKH�GHVLJQHU� WR�EH�DZDUH�RI�

KRZ�WKH�HIILFLHQF\�LV�PD[LPLVHG��
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������ 6ZLWFKHG�SDUDVLWLF�HOHPHQWV�DQG�VLQJOH�GLYHUVLW\�DQWHQQDV�

8VH�RI�GXDO�DQWHQQDV�DW�WKH�PRELOH�LV�RQH�ZD\�RI�DFKLHYLQJ�GLYHUVLW\��$QRWKHU�PHWKRG�LV�WR�XVH�D�

VLQJOH�DQWHQQD�WKDW�KDV�VZLWFKHG�SDUDVLWLF�HOHPHQWV�>9DXJ��@��$Q�H[DPSOH�RI�VZLWFKHG�SDUDVLWLF�

HOHPHQWV� LV� VKRZQ� LQ� )LJXUH� ����� %\� VZLWFKLQJ� WKH� SDUDVLWLF� HOHPHQWV� GLIIHUHQWO\� ZLWK� GLRGH�

VZLWFKHV� RU� VLPLODU� WR� FKDQJH� WKHLU� ORDG� LPSHGDQFHV�� WKH� DQWHQQD� ILHOG� SDWWHUQ� FDQ� EH� FKDQJHG��

7KHUHIRUH�ZKHQ�VZLWFK���LV�FORVHG��LW�ZLOO�JHQHUDWH�SDWWHUQ���DQG�OLNHZLVH�VZLWFK���LV�FORVHG�LW�ZLOO�

JHQHUDWH�SDWWHUQ����,W�LV�DVVXPHG�LQ�ERWK�FDVHV�WKDW�WKH�RWKHU�VZLWFK�LV�RSHQ�ZKHQ�RQH�LV�FORVHG��,Q�

WKH�JHQHUDO�FDVH��DQJXODU�GLYHUVLW\� LV�EHLQJ�GHSOR\HG�KHUH� VLQFH� WKH�SDUDVLWLF�HOHPHQWV�DUH�RIWHQ�

DUUDQJHG�WR�GR�VR��,W�LV�DOVR�SRVVLEOH�WKH�VSDWLDO�GLYHUVLW\�PLJKW�EH�LPSOHPHQWHG�LQ�VRPH�IRUP�RU�

RWKHU� VLQFH� WKH� SKDVH� FHQWUH� FRXOG� EH� PRYHG� ZKHQ� GLIIHUHQW� SDUDVLWLF� HOHPHQWV� DUH� XVHG��

3RODULVDWLRQ�GLYHUVLW\�LV�DOVR�D�SRVVLELOLW\�LQ�VRPH�FDVHV�VLQFH�WKH�SRODULVDWLRQV�FRXOG�EH�FKDQJHG��

$� QXPEHU� RI� GLIIHUHQW� GHVLJQV� KDYH� EHHQ� LPSOHPHQWHG� XVLQJ� WKLV� SULQFLSOH� >6LE��@� >6FRWW��@�

>)DVV��@�>6FKOXE��@��

�

'ULYHQ�
(OHPHQW�

6ZLWFK���6ZLWFK���

3DWWHUQ��� 3DWWHUQ���

�

)LJXUH�����'LDJUDP�VKRZLQJ�D�W\SLFDO�H[DPSOH�RI�VZLWFKHG�SDUDVLWLF�HOHPHQWV�

$QRWKHU�ZD\�WR�LPSOHPHQW�GLYHUVLW\�ZLWK�D�VLQJOH�DQWHQQD�VWUXFWXUH�LV�WR�XVH�SXUSRVH�EXLOW�SDWWHUQ�

GLYHUVLW\� DQWHQQDV� >.R��@� >+RV��@� >3DXO��@� >0XU��@� >.XJD��@�� ,Q� VXFK� FDVHV� D� VLQJOH� DQWHQQD�

RIWHQ�KDV� WZR� IHHGV��ZKLFK� FDQ� VWHHU� WKH� DQWHQQD�EHDP� DV� RSSRVHG� WR�XVLQJ�SDUDVLWLF� HOHPHQWV��

$JDLQ�DQJXODU�GLYHUVLW\�LV�DFKLHYHG�PDLQO\�KHUH�DOWKRXJK�VSDWLDO�DQG�SRODULVDWLRQ�GLYHUVLW\�FRXOG�

EH�WDNLQJ�SODFH�IRU�WKH�VDPH�UHDVRQV��

)LQDOO\� LW� LV� LPSRUWDQW� WR� PHQWLRQ� WKDW� VRPH� DQWHQQDV� KDYH� EHHQ� GHYHORSHG� IRU� SRODULVDWLRQ�

GLYHUVLW\�� ZKLFK� FRXOG� EH� VXLWDEO\� LPSOHPHQWHG� IRU� D� PRELOH� WHUPLQDO� >.XJD��@� >)DQJ��@��

'HYHORSPHQW�LV�VWLOO� OLPLWHG�LQ�WKLV�DUHD�DOWKRXJK�LW�FRXOG�EHFRPH�DQ�DWWUDFWLYH�RSWLRQ�JLYHQ�WKH�

VL]H�OLPLWDWLRQV�SUHVHQW�DW�WKH�PRELOH��
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/LNH�GXDO�DQWHQQDV�DW� WKH�PRELOH�� WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\�VWLOO�QHHGV�WR�EH�

HYDOXDWHG� ZKHQ� D� VLQJOH� GLYHUVLW\� DQWHQQD� LV� LPSOHPHQWHG� VLQFH� WKH\� FDQQRW� EH� FRQVLGHUHG� DV�

SXUHO\� DQJXODU� GLYHUVLW\� DQWHQQDV�� 0RGHOOLQJ� GLYHUVLW\� DW� WKH� PRELOH� WKHUHIRUH� QHHGV� WR� EH�

FRQVLGHUHG�ZLWK�GLIIHUHQW�DSSOLFDWLRQV�LQ�PLQG�WR�DVVLVW�WKH�GHVLJQHU��

������ (IIHFWV�RI�WKH�KXPDQ�KHDG�

(YDOXDWLQJ� GLYHUVLW\� RI� D� KDQGVHW� DORQH� LV� LQVXIILFLHQW� VLQFH� KDQGVHWV� DUH� PDLQO\� XVHG� LQ� WDON�

SRVLWLRQ�QH[W� WR�D�KXPDQ�KHDG��7KHUHIRUH�DQWHQQD�FKDUDFWHULVWLFV�DQG�FRQVHTXHQWO\� WKH�GLYHUVLW\�

SRWHQWLDO�DUH�FKDQJHG��5HVHDUFK�LQ�WKLV�DUHD�KDV�EHHQ�FDUULHG�RXW�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�WKH�

KXPDQ� KHDG� E\� �'� SDWWHUQ� PHDVXUHPHQWV� >7DND��@� >3HG��@� >6NM ��@� >%UDXQ��@�� VLPXODWLRQV�

>'RXJ��@�DQG�PHDVXUHPHQW�WULDOV�>*UHHQ��@��

0HDVXUHPHQWV� LQGLFDWH� WKDW� WKH�KHDG�GRHV� DSSHDU� WR� LPSURYH� FRUUHODWLRQ��ZKLFK�PD\�EH�GXH� WR�

VWURQJHU�FRXSOLQJ�EHWZHHQ�WKH�DQWHQQDV�RU�LPSURYHG�DQJXODU�GLYHUVLW\��)RU�PDQ\�RPQL�GLUHFWLRQDO�

DQWHQQDV��KRZHYHU��WKH�PHDQ�HIIHFWLYH�JDLQ�FDQ�UHGXFH�FRQVLGHUDEO\�LQ�WKH�SUHVHQFH�RI�D�SHUVRQ��,W�

LV�DOVR�RI�QR�DGYDQWDJH�ZKHQ�DQWHQQDV�SODFHG�LQVLGH�D�KDQGVHW�DUH�FRYHUHG�E\�WKH�KDQG�GXULQJ�XVH��

)XUWKHU�WR�WKLV�WKH�PHDQ�HIIHFWLYH�JDLQ�ZKHQ�D�KDQGVHW�LV�LQ�XVH�E\�GLIIHUHQW�XVHUV�LQ�WKH�RUGHU�RI�

���G%�DFFRUGLQJ�WR�PHDVXUHPHQWV�FDUULHG�RXW�E\�3HGHUVHQ�>&RUUHLD��@��,W�FDQ�EH�VHHQ�KHUH�DJDLQ��

KRZHYHU�� WKDW� LW� LV�VWLOO�QRW�NQRZQ�KRZ�WKH�SUHVHQFH�RI�D�SHUVRQ�FKDQJHV�WKH�DQWHQQDV�DQG�WKHLU�

GLYHUVLW\��ZKLFK�PD\�KHOS�LQGLFDWH�ZKDW�LV�KDSSHQLQJ�ZKHQ�D�KXPDQ�KHDG�LV�SUHVHQW��

������ 2WKHU�PRELOH�WHUPLQDO�DQWHQQDV�

0RVW�RI�WKH�DQWHQQDV�GLVFXVVHG�VR�IDU�DUH�PDLQO\�XVHG�IRU�D�PRELOH�KDQGVHW��/RRNLQJ�WR�WKH�IXWXUH�

WKHUH� DUH� IXUWKHU� GHVLJQV� WKDW� FDQ� EH� SXW� IRUZDUG� IRU� LPSOHPHQWLQJ� GLYHUVLW\� RQ� RWKHU� PRELOH�

WHUPLQDOV�DOUHDG\�GLVFXVVHG��,GHDV�KDYH�DOUHDG\�EHHQ�JHQHUDWHG�IRU�DSSOLFDWLRQV�VXFK�DV�QRWHERRN�

FRPSXWHUV�>/LHE��@�>0LFK��@�>/HH��@��,Q�WKHVH�FDVHV��WKH�WHUPLQDO�PD\�EH�ODUJHU�DQG�ZRUNLQJ�DW�

KLJKHU� IUHTXHQFLHV� IRU�:LUHOHVV� /RFDO� $UHD� 1HWZRUNV� �:/$1�� JLYLQJ� VFRSH� IRU� PRUH� VSDWLDO�

GLYHUVLW\�DV�PHQWLRQHG�HDUOLHU��

���� &RQFOXVLRQV�

,Q�WKLV�FKDSWHU��WKH�NH\�QRWDWLRQV�DQG�WHUPV�XVHG�LQ�GLYHUVLW\�KDYH�EHHQ�SUHVHQWHG��ZKLFK�ZLOO�EH�

XVHG�WKURXJKRXW�WKLV�WKHVLV��6RPH�FRQVLGHUDWLRQV�RQ�GLYHUVLW\�WKHRU\�KDYH�DOVR�EHHQ�SUHVHQWHG�WKDW�

DSSO\� WR� WKH� PRELOH� WHUPLQDO� PRUH� VR� WKDQ� DW� WKH� EDVH� VWDWLRQ� DQG� WKHLU� LPSRUWDQFH� KDV� EHHQ�

HPSKDVLVHG��2QH�RI�WKH�NH\�IDFWRUV�LV�KRZ�HTXDO�EUDQFK�SRZHU�DQG�ORZ�FRUUHODWLRQ�LV�RSWLPLVHG�DW�
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WKH� H[SHQVH� RI� HIILFLHQF\� ORVV� LQ� WKH� DQWHQQDV�� 7KHUHIRUH� HIILFLHQF\� FDQQRW� EH� RPLWWHG� ZKHQ�

FRQVLGHULQJ�GLYHUVLW\�SHUIRUPDQFH��

$V�ZHOO�DV�WKH�DQWHQQDV��GLYHUVLW\�LV�LQIOXHQFHG�E\�WKH�VXUURXQGLQJ�SURSDJDWLRQ�HQYLURQPHQW�EHLQJ�

WKDW� RI� DQJOH� RI� DUULYDO� DQG� WKH� FURVV� SRODULVDWLRQ�� $V� GLVFXVVHG� WKHUH� LV� OLPLWHG� LQIRUPDWLRQ�

FRQFHUQLQJ�WKLV�DOWKRXJK�DSSURSULDWH�PRGHOV�KDYH�EHHQ�SURSRVHG�WKDW�FDQ�EH�DSSOLHG��

5HVHDUFK�FDUULHG�RXW�GRHV�LQGLFDWH�WKHUH�LV�VRPH�GLYHUVLW\�IURP�PRELOH�WHUPLQDO�DQWHQQDV�DQG�DOVR�

WKH� HIIHFWV� RI� WKH�KXPDQ�ERG\�KDYH�EHHQ� LQYHVWLJDWHG�� ,W� LV� FOHDUO\� WKH� FDVH� WKDW�ZKDW� GLYHUVLW\�

WKHUH�LV�KDV�EHHQ�IRXQG�RXW�EXW�LW�LV�VWLOO�QRW�DSSDUHQW�ZK\�WKHUH�LV�GLYHUVLW\��7KHUHIRUH�WKLV�RSHQV�

DQ�DYHQXH� WR� LQYHVWLJDWH�ZKHWKHU�PRELOH� WHUPLQDO� DQWHQQDV�KDYH� VSDWLDO�� DQJXODU�RU�SRODULVDWLRQ�

GLYHUVLW\�DQG�KRZ�WKH�DQWHQQD�SURSHUWLHV�LQIOXHQFH�WKLV�LQ�RUGHU�WR�DLG�GHVLJQLQJ��

�
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&KDSWHU���

�� 0RGHOOLQJ�'LYHUVLW\�DW�WKH�0RELOH�

+DYLQJ� HVWDEOLVKHG� LQ� WKH� SUHYLRXV� FKDSWHU� WKDW� LW� LV� QRW� NQRZQ� H[DFWO\� ZK\� PRELOH� WHUPLQDO�

DQWHQQDV�KDYH�GLYHUVLW\�DQG�KRZ�WR�HYDOXDWH�LW�DQG�RSWLPLVH�LW��WKH�WKUHH�W\SHV�RI�DQWHQQD�GLYHUVLW\�

DW�WKH�PRELOH�ZLOO�EH�LQYHVWLJDWHG�LQ�WKLV�FKDSWHU��$�QXPEHU�RI�VFHQDULRV�KDYH�DOUHDG\�EHHQ�QRWHG�

WKDW� DUH�QRW�SUHVHQW� DW� WKH�EDVH� VWDWLRQ��ZKLFK� LQFOXGH�PXWXDO� FRXSOLQJ�EHWZHHQ� WKH�DQWHQQDV�� D�

ZLGHU� DQJOH� RI� DUULYDO� DQG� DOVR� WKDW� WKH� DQWHQQDV� LQWHUDFW� ZLWK� HDFK� RWKHU� SRVVLEO\� IRUPLQJ�

GLIIHUHQW�SRODULVDWLRQV�DQG�DQJXODU�ILHOG�SDWWHUQV��

$IWHU�WKH�WKHRU\�EHKLQG�PXWXDO�FRXSOLQJ��LQSXW�LPSHGDQFH�DQG�RWKHU�DQWHQQD�WKHRU\�LV�SUHVHQWHG��

QHZ�WKHRUHWLFDO�PRGHOV�DUH�GHULYHG�WKDW�FRQVLGHU�WKH�VFHQDULRV�PHQWLRQHG��ZKLFK�ZLOO�WKHQ�VKRZ�

KRZ�WKH�DQWHQQD�SURSHUWLHV�DIIHFW�SRODULVDWLRQ��VSDWLDO�DQG�DQJXODU�GLYHUVLW\��$�EULHI�DSSOLFDWLRQ�RI�

WKH�WKHRU\�LV�SUHVHQWHG�ZLWK�PHDVXUHPHQWV�WDNHQ�IURP�WZR�FORVHO\�VSDFHG�PRQRSROHV�WR�LOOXVWUDWH�

WKH�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�FRUUHODWLRQ���

���� $QWHQQD�3URSHUWLHV�DW�WKH�0RELOH�

,Q�WKLV�VHFWLRQ�WKH�DQWHQQD�SURSHUWLHV�DUH�RXWOLQHG�WKDW�KDYH�HIIHFW�RQ�GLYHUVLW\�DQG�WKHLU�GHILQLWLRQV�

DUH�H[SODLQHG�ZLWK� WKH�DSSURSULDWH�PDWKHPDWLFDO� IRUPXODH�ZKHUH�QHFHVVDU\��)DFWRUV� LQFOXGH� WKH�

PXWXDO�FRXSOLQJ�EHWZHHQ�WKH�DQWHQQDV��WKH�ZD\�LQ�ZKLFK�WKH�DQWHQQDV�DIIHFW�WKHLU�ILHOG�SDWWHUQV��

WKHLU�SRODULVDWLRQ�DQG�WKHLU�0HDQ�(IIHFWLYH�*DLQ��0(*���

������ 7ZR�SRUW�PRGHO�RI�GLYHUVLW\�DQWHQQDV�

,Q� RUGHU� WR� DQDO\VH� WKH� FKDUDFWHULVWLFV� RI� WZR� DQWHQQDV� RSHUDWLQJ� DV� D� GLYHUVLW\� V\VWHP�� LW� LV�

DSSURSULDWH�WR�PRGHO�WKHP�DV�D�WZR�SRUW�QHWZRUN��)LJXUH�����VKRZV�WKH�WZR�SRUW�PRGHO�IRU�WZR�

PRELOH�GLYHUVLW\�DQWHQQDV�LQ�WKH�SUHVHQFH�RI�HDFK�RWKHU��(DFK�DQWHQQD�KDV�LWV�RZQ�VHOI�LPSHGDQFH��

=D��IRU�DQWHQQD�$�DQG�=E�IRU�DQWHQQD�%�LQ�2KPV��W��%RWK�DQWHQQDV�DUH�ORDGHG�LQ�VHULHV�ZLWK�D�ORDG�

LPSHGDQFH��=��>W@��:KHQ�WKH�DQWHQQDV�DUH�FORVH�WRJHWKHU�FRPSDUHG�WR�D�ZDYHOHQJWK��DV�LV�OLNHO\�WR�

RFFXU�DW� WKH�PRELOH� WHUPLQDO�� WKHQ�D�PXWXDO� LPSHGDQFH�ZLOO�EH�SUHVHQW� WR�GHWHUPLQH� WKH�YROWDJH�

WUDQVPLWWHG�IURP�RQH�DQWHQQD�WR�WKH�RWKHU��)XUWKHU�WR�WKLV�WKH�PXWXDO�LPSHGDQFH�LV�LQ�VHULHV�ZLWK�
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HDFK� RI� WKH� DQWHQQD� LPSHGDQFHV�� 7KLV� DOORZV� WKH� LQSXW� LPSHGDQFH� RI� HDFK� DQWHQQD� WR� EH�

GHWHUPLQHG�LQ�WKH�SUHVHQFH�RI�WKH�RWKHU��
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)LJXUH�����'LDJUDP�VKRZLQJ�WKH�WZR�SRUW�PRGHO�RI�WZR�GLYHUVLW\�DQWHQQDV�

:KHQ� WKH� DQWHQQDV� DUH� LQ� UHFHLYH� PRGH�� WKHUH� ZLOO� EH� DQ� LQFLGHQW� ILHOG� RQ� HDFK� RI� WKH� WZR�

DQWHQQDV��(��DQG�(��>9P
��@��DV�VKRZQ�LQ�)LJXUH������ZKLFK�FDXVH�WKH�WZR�DQWHQQDV�WR�KDYH�VRXUFH�

YROWDJHV�9(��DQG�9(��>9@�UHVSHFWLYHO\�GXH�WR�WKH�LQGXFHG�FXUUHQW�LQ�WKH�DQWHQQDV��L��DQG�L��>$@��%\�

VLPSOH�2KP¶V�ODZ�WKHUH�ZLOO�EH�ORDG�YROWDJHV�9/��DQG�9/��>9@�DQG�DQWHQQD�YROWDJHV��9$��DQG�9$��

>9@�DV�VKRZQ�LQ�)LJXUH������%DVHG�RQ�WKH�PRGHO�LQ�)LJXUH������HDFK�DQWHQQD�FDQ�EH�PRGHOOHG�LQ�

FLUFXLW�IRUP�OLNH�WKDW�LQ�)LJXUH������ZKLFK�UHSUHVHQW�DQWHQQDV�$�DQG�%�UHVSHFWLYHO\��6RPH�RI�WKH�

VRXUFH�YROWDJH�LV�UHWDLQHG�E\�HDFK�DQWHQQD�GXH�WR�WKH�DQWHQQD�VHOI�LPSHGDQFH�DQG�ORDG�LPSHGDQFH�

GXH�WR�WKH�PXWXDO�LPSHGDQFH��=P�>W@��$W�WKH�VDPH�WLPH��KRZHYHU��YROWDJH�LV�JDLQHG�IURP�WKH�RWKHU�

DQWHQQD�UHSUHVHQWHG�E\�WKH�FXUUHQW�VRXUFHV�VR�YROWDJH�=PL��ZLOO�WUDQVPLW�WR�DQWHQQD�$�DQG�=PL��WR�

DQWHQQD�%��

7KH�LQIRUPDWLRQ�SUHVHQWHG�KHUH�FDQ�EH�XVHG�WR�DQDO\VH�WKH�YROWDJHV�LQGXFHG�LQ�WKH�DQWHQQDV�DV�ZLOO�

EH�VKRZQ�LQ�WKH�IROORZLQJ�VHFWLRQV��,W�FDQ�EH�FRQFOXGHG�DW�WKLV�SRLQW��KRZHYHU��WKDW�WKH�LPSHGDQFH�

PDWUL[�RI�WZR�GLYHUVLW\�DQWHQQDV��=$��DQG�WKH�ORDG�LPSHGDQFH��=/��DUH�GHILQHG�DV�IROORZV��
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)LJXUH�����'LDJUDP�VKRZLQJ�D�FLUFXLW�PRGHO�RI�WZR�GLYHUVLW\�DQWHQQDV��D��$QWHQQD�$�LQ�)LJXUH�����

DQG��E��$QWHQQD�%�LQ�)LJXUH�����

������ 5HODWLRQ�RI�LPSHGDQFH�DQG�VFDWWHULQJ�SDUDPHWHUV�

6LQFH� ERWK� 6� DQG� =� SDUDPHWHUV� DUH� DSSOLHG� LQ� WKLV� WKHVLV�� LW� LV� LPSRUWDQW� WR� QRWH� KRZ� WKH\� DUH�

UHODWHG�E\�XVLQJ�PDWUL[�FRQYHUVLRQV��7R�FRQYHUW�WKH�=�SDUDPHWHUV�WR�6�SDUDPHWHUV��WKH�IROORZLQJ�

UHODWLRQV�KDYH�EHHQ�GHULYHG�LQ�OLQHDU�IRUP�>'HDQH��@��
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,W�PXVW�EH�QRWHG�WKDW�WKHVH�HTXDWLRQV�GHSHQG�RQ�FHUWDLQ�FULWHULD��,Q�WKH�FDVH�RI�GLYHUVLW\�DQWHQQDV�

WKHUH�LV�D�UHFLSURFLW\�VXFK�WKDW�]��� �]��� �=P��$QRWKHU�FULWHULD�WKDW�PXVW�EH�PHW�IRU�HTXDWLRQV�������

DQG�������WR�EH�YDOLG��ZKLFK�LV�WUXH�IRU�WZR�GLYHUVLW\�DQWHQQDV��LV�WKDW��
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������ ,VRODWLRQ�DQG�SRZHU�WUDQVIHU�RI�DQWHQQDV�

*LYHQ�WKH�OLNHOLKRRG�RI�VLJQLILFDQW�PXWXDO�FRXSOLQJ�EHWZHHQ�WKH�DQWHQQDV�DW�WKH�PRELOH�WKHUH�ZLOO�

EH� D� ORZ� LVRODWLRQ�EHWZHHQ� WKH� DQWHQQDV� DQG� LPSHGDQFH�GLIIHUHQFHV� WKDW�ZLOO� KDYH� DQ� HIIHFW� RQ�

GLYHUVLW\�� 7KLV� VHFWLRQ� WKHUHIRUH� HVWDEOLVKHV� WKH� WKHRU\� EHKLQG� WKLV�� ZKLFK� ZLOO� EH� DSSOLHG� WR�

GLYHUVLW\�FRPSXWDWLRQ��7KH�PXWXDO�FRXSOLQJ�DQG�DQWHQQD�HIIHFWV�KDYH�WR�EH�FRQVLGHUHG�ZKHQ��

��� 7KH�WZR�DQWHQQDV�GR�QRW�KDYH�WKH�VDPH�LPSHGDQFH�DQG�DUH�LQVXIILFLHQWO\�PDWFKHG���L�H����

��G%�UHWXUQ�ORVV���+HQFH�SRZHU�WUDQVIHU�ZLOO�EH�GLIIHUHQW�DW�WKH�WZR�EUDQFKHV��

��� 7KHUH�LV�KLJK�PXWXDO�LPSHGDQFH��L�H�����G%�WUDQVPLVVLRQ�ORVV��EHWZHHQ�WKH�DQWHQQDV�WKDW�

FDXVHV� VRPH�SRZHU� WR�EH� ORVW� WR� WKH�RWKHU�DQWHQQD�ZKLOH�SRZHU� LV�DOVR�JDLQHG� IURP� WKH�

RWKHU�DQWHQQD��

$SSO\LQJ�WKH�LPSHGDQFH�PDWULFHV�FDQ�GHWHUPLQH�ERWK�RI�WKHVH�HIIHFWV�VLPXOWDQHRXVO\�DQG�VR�WKH\�

ZLOO�EH�DSSOLHG� WR�GLYHUVLW\�DQWHQQDV��)URP�)LJXUH����� LW�FDQ�EH� VHHQ� WKDW� WKH�DQWHQQD�DQG� ORDG�

QHWZRUNV�DUH�FRQQHFWHG�LQ�VHULHV�EHFDXVH�RI�WKH�SRVLWLRQ�RI�WKH�YROWDJH�VRXUFH�>%DODE���SS���@��

8VLQJ�IXQGDPHQWDO� WKHRU\�RI� LPSHGDQFH�QHWZRUNV�FRQQHFWHG�LQ�VHULHV�>%DODE���SS���@�WKHQ�WKH�
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ORDG�YROWDJH�YHFWRU��9/��IURP�)LJXUH�����FDQ�EH�UHODWHG�WR�WKH�VRXUFH�YROWDJH�YHFWRU��9(��DV�XVHG�E\�

9DXJKDQ�DQG�%DFK�$QGHUVHQ�>9DXJ��@�E\��
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7KHUHIRUH�E\�XVLQJ�VWDQGDUG�WZR�E\�WZR�PDWUL[�DOJHEUD��
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)RU�WKH�FRQMXJDWH�YROWDJHV�WKH�+HUPLWDQ�WUDQVSRVH�IXQFWLRQ�LV�XVHG�>9DXJ��@��
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7KH� UHVXOWDQW� YROWDJHV� FDQ� EH� GHULYHG� E\� VXEVWLWXWLQJ� HTXDWLRQV� ������ DQG� ������ LQWR� ������ DQG�

IXUWKHU�WR�WKLV�WKH\�FDQ�EH�VLPSOLILHG�LQWR�6�3DUDPHWHUV�ZKHQ�HTXDWLRQ�������LV�XVHG��7KHUHIRUH��
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7KLV� FUHDWHV� D� PXWXDO� FRXSOLQJ� WKHRU\� WKDW� FDQ� EH� XVHG� IRU� FDOFXODWLQJ� FRUUHODWLRQ� DQG� EUDQFK�

SRZHU� UDWLRV�� 7KH� YROWDJH� WUDQVIHU� GXH� WR� DQWHQQD� PDWFKLQJ� DQG� PXWXDO� FRXSOLQJ� LV� EHVW�

UHSUHVHQWHG�E\�D�WUDQVIHU�PDWUL[��67��
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7KH� PDWUL[� WKHUHIRUH� FRQWDLQV� WKH� LVRODWLRQ� FRPSRQHQWV�� VU�� DQG� WKH� WUDQVIHU� FRPSRQHQWV�� VWQ��

$QRWKHU�XVHIXO�SRLQW�WR�QRWH�LV�WKDW�ZKHQ�WKH�DQWHQQDV�KDYH�WKH�VDPH�LPSHGDQFH�RU�ZKHQ�WKH\�DUH�

ERWK� PDWFKHG� WKHQ� VW��  � VW��  � VW�� 7KH� +HUPLWDQ� WUDQVSRVH� FDQ� EH� XVHG� DJDLQ� WR� GHWHUPLQH� WKH�

FRQMXJDWH�YROWDJHV��
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)URP�HTXDWLRQ��������LW�FDQ�EH�FRQFOXGHG�WKDW�ZKHQ�WKHUH�LV�KLJK�PXWXDO�FRXSOLQJ��WKHQ�ERWK�VW�DQG�

VU�DUH�VLJQLILFDQW�DQG�ZKHQ�WKHUH�DUH�PLVPDWFKHV�ZLWK�ORZ�PXWXDO�FRXSOLQJ�EHWZHHQ�WKH�DQWHQQDV�

WKHQ�RQO\�VW�LV�VLJQLILFDQW��

$V�ZHOO�DV�WKH�WUDQVIHU�PDWUL[��LW�LV�RIWHQ�XVHIXO�WR�DSSO\�WKH�LQYHUVH��*LYHQ�WKDW�WKHUH�LV�QR�FURVV�

FRXSOLQJ�LQ�WKH�ORDG�PDWUL[��=/��DQG�WKDW�UHFLSURFLW\�LV�PDLQWDLQHG��L�H��]��� �]����WKHQ�WKH�IROORZLQJ�

DSSOLHV��
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$QRWKHU�XVHIXO�PDWUL[�LV�WKDW�XVHG�WR�ILQG�WKH�YROWDJH�DW�WKH�RXWSXW�IODQJH�RI�WKH�DQWHQQDV��9$��LQ�

WHUPV�RI�WKH�ORDG�YROWDJH��9/��$JDLQ��XQGHU�WKH�DVVXPSWLRQ�RI�UHFLSURFLW\��WKLV�FDQ�EH�GHULYHG�DV�

IROORZV��
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������ 3RODULVDWLRQ�

,W� LV� FRPPRQ� WR� KDYH� DQWHQQDV� DW� WKH�PRELOH� WHUPLQDO� ZKLFK�ZLOO� KDYH� VRPH� VLJQLILFDQW� FURVV�

SRODULVDWLRQ� RIWHQ� EHFDXVH� WKH� DQWHQQDV� DUH� LPSOHPHQWHG� LQ� VPDOO� VL]HV� ZLWK� LPSHUIHFW� JURXQG�

SODQHV��,I� WZR�GLIIHULQJ�DQWHQQDV�DUH�XVHG�WKHQ�WKH\�ZLOO�KDYH�GLIIHUHQW�FR�SRODU�DQG�FURVV�SRODU�

ILHOG�SDWWHUQV��2QFH�WKH�DQWHQQDV�DUH�EURXJKW�FORVHU�WRJHWKHU�WKHQ�WKH\�ZLOO�EHJLQ�WR�LQWHUDFW�ZLWK�

HDFK�RWKHU�VXFK�WKDW�WKH\�FDQ�DIIHFW�WKHLU�SRODULVDWLRQV��7KHUHIRUH��WR�HYDOXDWH�SRODULVDWLRQ�DW�WKH�

PRELOH�WKH�SRODULVDWLRQV�QHHG�WR�EH�FDOFXODWHG�ZKHQ�WKH�RWKHU�DQWHQQD�LV�SUHVHQW�DQG�WKHQ�LW�PD\�

EH�WKH�FDVH�WKDW�VRPH�SRODULVDWLRQ�GLYHUVLW\�LV�SUHVHQW��
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������ $QWHQQD�ILHOG�SDWWHUQV�

0RUH�VR�WKDQ�WKH�UHODWLYH�SRODULVDWLRQV��WKH�ILHOG�SDWWHUQV�ZLOO�EH�DIIHFWHG�RQ�HDFK�DQWHQQD�ZKHQ�LQ�

WKH�SUHVHQFH�RI�WKH�RWKHU��,W�PD\�EH�WKH�FDVH�WKDW�WKH�WZR�ILHOG�SDWWHUQV�EHFRPH�GLUHFWLRQDO��ZKLFK�

FDQ�FUHDWH�D�VLJQLILFDQW�DQJXODU�GLYHUVLW\�EHWZHHQ�WKH�DQWHQQDV���

������ 0HDQ�HIIHFWLYH�JDLQ�

7KH� PHDQ� HIIHFWLYH� JDLQ� �0(*�� LV� D� PHDVXUH� RI� WKH� DYHUDJH� JDLQ� RI� DQ� DQWHQQD� LQ� D� PRELOH�

HQYLURQPHQW�EDVHG�RQ�WKH�DQJOH�RI�DUULYDO��$2$��DV�XVHG�WR�HYDOXDWH�FRPSOH[�FRUUHODWLRQ��7KLV�LV�

DQ� LPSRUWDQW� IHDWXUH� RI� DQ� DQWHQQD� WR� GHWHUPLQH� KRZ� HIIHFWLYH� LW� ZLOO� EH� LQ� D� PRELOH� IDGLQJ�

HQYLURQPHQW��,Q�VLPSOH�WHUPV��0(*�LV�GHILQHG�DV�WKH�SRZHU�UHFHLYHG�E\�DQ�DQWHQQD�LQ�D�PRELOH�

IDGLQJ�HQYLURQPHQW�ZLWK�D�JLYHQ�$2$�FRPSDUHG�WR�WKH�SRZHU�WKDW�ZRXOG�EH�UHFHLYHG�DW�WKH�VDPH�

SRLQW�IURP�DQ�LVRWURSLF�DQWHQQD��7KHUHIRUH��D�KLJK�0(*�ZLOO�RFFXU�LI�WKH�DQWHQQD�KDV�KLJK�JDLQ�LQ�

WKH�GLUHFWLRQ�DV�ZKHUH�WKH�PDMRULW\�RI�LQFRPLQJ�VLJQDOV�DUH��2WKHUZLVH��WKH�0(*�ZLOO�EH�ORZ�VLQFH�

WKH�DQWHQQD�ZLOO�QRW�UHFHLYH�PDQ\�VLJQDOV��7KLV�WKHUHIRUH�VKRZV�KRZ�HIIHFWLYH�DQ�DQWHQQD�ZLOO�EH�

LQ�D�PRELOH�IDGLQJ�HQYLURQPHQW�UHJDUGOHVV�RI�ZKHWKHU�LW�KDV�D�KLJK�JDLQ�RU�HIILFLHQF\��

:KLOH� KDYLQJ� DQ� DQWHQQD� LQ� WKH� SUHVHQFH� RI� WKH� RWKHU� WKHUH� PD\� EH� GH�FRUUHODWLRQ� GXH� WR� WKH�

UHODWLYH� SRODULVDWLRQV� RU� ILHOG� SDWWHUQV� EXW� WKLV� FDQ� DW� WKH� VDPH� WLPH� UHGXFH� WKH�0(*� RI� HDFK�

DQWHQQD�� 7KHUHIRUH� UHGXFHG�0(*�ZLOO� FDXVH� UHGXFHG� V\VWHP� JDLQ� DV� H[SODLQHG� LQ� WKH� SUHYLRXV�

FKDSWHU��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�HYDOXDWH�WKH�PHDQ�HIIHFWLYH�JDLQ�RI�WKH�DQWHQQDV�WR�GHWHUPLQH�

KRZ�GLYHUVLW\�ZLOO�EH�DIIHFWHG��7R�HYDOXDWH�WKH�PHDQ�HIIHFWLYH�JDLQ��WKH�IROORZLQJ�HTXDWLRQ�LV�XVHG�

>7DJD��@�LQ�OLQHDU�IRUP��
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7KH�QRWDWLRQV�XVHG�LQ�HTXDWLRQ��������DUH�WKH�VDPH�DV�WKH�QRWDWLRQV�XVHG�LQ�HTXDWLRQ�������RQO\�WKDW�

WKH� YHUWLFDO� DQG� KRUL]RQWDO� SRODULVHG� JDLQV�*q�q�f�� DQG� *f�q�f�� LQ� OLQHDU� IRUP� UHODWLYH� WR� DQ�

LVRWURSLF�DQWHQQD�DUH�DSSOLHG�LQ�WKLV�VLWXDWLRQ��7KH�PHDQ�HIIHFWLYH�JDLQ�FDQ�EH�XVHG�WR�GHULYH�WKH�

VLJQDO�WR�QRLVH�UDWLR�IDFWRU��/��E\�VXEVWLWXWLQJ�LQWR�HTXDWLRQ��������DV�IROORZV��

�

��

0(*
�0(*�0(*PD[�

=/ � �������

ZKHUH�0(*��DQG�0(*��UHIHU�WR�DQWHQQDV���DQG���UHVSHFWLYHO\�DQG�0(*��LV�D�UHIHUHQFH�XVHG�IRU�

WKH�VLQJOH�DQWHQQD�WKDW�ZRXOG�RWKHUZLVH�EH�SUHVHQW�ZLWK�QR�GLYHUVLW\��$OVR�WKH�EUDQFK�SRZHU�UDWLR��

N��FDQ�EH�GHULYHG�LQ�OLQHDU�IRUP�DV�IROORZV�E\�XVLQJ�HTXDWLRQ��������VR�WKDW��
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$V� H[SODLQHG� LQ� WKH� SUHYLRXV� FKDSWHU�� UHVHDUFK� KDV� EHHQ� FDUULHG� RXW� LQ� WKH� SDVW�ZLWK� UHJDUG� WR�

SRODULVDWLRQ� GLYHUVLW\� DQWHQQDV� DW� WKH� EDVH� VWDWLRQ��7KHRUHWLFDO� DQDO\VLV� KDV� EHHQ� XQGHUWDNHQ� E\�

9DXJKDQ� >9DXJ��@� DQG� .R]RQR� >.R]��@� DOWKRXJK� LW� LV� PRUH� DSSOLFDEOH� WR� WKH� EDVH� VWDWLRQ��

6FHQDULRV�HQFRXQWHUHG�DW� WKH�PRELOH� WHUPLQDO� LQFOXGLQJ�DQWHQQD�HIIHFWV� DQG�DQJOH�RI� DUULYDO� DUH�

QRW�LQFOXGHG�LQ�WKHVH�WZR�PRGHOV�VR�WKLV�VHFWLRQ�ZLOO�SUHVHQW�D�QHZ�WKHRUHWLFDO�PRGHO�VXLWHG�WR�WKH�

PRELOH� WHUPLQDO�� 7R� EHJLQ� ZLWK�� WKH� SRODULVDWLRQ� GLYHUVLW\� LQ� WKH� IDGLQJ� HQYLURQPHQW� ZLOO� EH�

FRQVLGHUHG�DQG�WKHQ�WKH�DQWHQQD�HIIHFWV�ZLOO�EH�LQWURGXFHG��

������ 3RODULVDWLRQ�GLYHUVLW\�LQ�WKH�IDGLQJ�HQYLURQPHQW�

'XH� WR� WKH� VFDWWHULQJ� LQ� WKH�YHUWLFDO� DQG�KRUL]RQWDO�SODQHV�EHLQJ�GLIIHUHQW� LW� LV� DVVXPHG� WKDW� WKH�

YHUWLFDO� DQG� KRUL]RQWDO� SRODULVDWLRQV� LQ� D� IDGLQJ� HQYLURQPHQW� DUH� LQGHSHQGHQW� UHIHUHQFHV�� 7KLV�

JLYHV� VFRSH� WR� ILQG�GH�FRUUHODWHG�SRODULVHG� VRXUFHV��:KLOH� WKH\�PD\�EH�GH�FRUUHODWHG�� WKH� FURVV�

SRODULVDWLRQ�SRZHU�LV�RIWHQ�FRQVLGHUDEO\�ZHDNHU�WKDQ�WKH�YHUWLFDO�VR�WKH�ORZ�FRUUHODWLRQ�LV�RIWHQ�DW�

WKH�H[SHQVH�RI�ORVV�LQ�HIILFLHQF\��

%HIRUH� UHVROYLQJ� FRUUHODWLRQ� DQG� HIILFLHQF\�� SRODULVDWLRQ� DQJOHV�QHHG� WR�EH�GHILQHG� DV� VKRZQ� LQ�

)LJXUH������7KH�SRODULVDWLRQV�DUH�ILUVW�RI�DOO�VSDFHG�ZLWK�DQ�DQJXODU�VSDFLQJ��W�>R@��V\PPHWULFDO�WR�

HDFK�RWKHU�DQG�WKHQ�WKH\�DUH�ERWK�URWDWHG�E\�DQJOH��a�>R@��UHODWLYH�WR�WKH�YHUWLFDO��KHQFH�WKH�OLQH�RI�

URWDWLRQ�LQ�)LJXUH�����LV�D�OLQH�RI�V\PPHWU\�EHWZHHQ�EUDQFKHV���DQG����$QJOH�W�LV�FRQVLGHUHG�E\�

.R]RQR�>.R]��@�RQO\�DQG�DQJOH�a�LV�FRQVLGHUHG�E\�9DXJKDQ�>9DXJ��@�RQO\��$W�WKH�PRELOH�LW�LV�

QHFHVVDU\�WR�LQWHJUDWH�WKH�WZR�PRGHOV�WRJHWKHU�VLQFH�WKH�UHODWLYH�SRODULVDWLRQV�FRQVWDQWO\�FKDQJH�

DQG�DOVR�WKH�WHUPLQDO�FDQ�EH�URWDWHG��,W�LV�DVVXPHG�DOVR�E\�ERWK�9DXJKDQ�DQG�.R]RQR�WKDW�WKHUH�LV�

RQH�VLQJOH�DUULYDO�DQJOH��ZKLFK�LV�E\�QR�PHDQV�WKH�FDVH�DW�WKH�PRELOH��

�
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KRUL]RQWDO� ILHOGV�� (]� DQG� (\� >9P
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.R]RQR�>.R]����HT������@�ZKHQ�WKH�DQJOHV�DUH�VHW�DSSURSULDWHO\��,Q�WKH�FDVH�RI�9DXJKDQ��WKH�DQJOH�

RI� DUULYDO� LV� VHW� WR� D� VLQJOH� LQFRPLQJ� DQJOH� QRUPDO� WR� WKH� DQWHQQDV�
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(TXDWLRQ��������LV�SORWWHG�LQ�)LJXUH�����DV�FRPSOH[�FRUUHODWLRQ�YHUVXV�DQJOH�W�IRU�IL[HG�YDOXHV�RI�

a�� ,Q� WKLV� VLWXDWLRQ�� WKH�FRPSOH[�FRUUHODWLRQ�KDV�RQO\�D� UHDO�SDUW� VR�QR� LPDJLQDU\�FRPSRQHQW� LV�

SORWWHG�� 7KH� DQJOH� RI� DUULYDO� H[SODLQHG� LQ� FKDSWHU� �� LV� DVVXPHG� KHUH�� XQLIRUP� LQ� D]LPXWK� DQG�

*DXVVLDQ� LQ�HOHYDWLRQ��7R�KHOS�YLVXDOLVH� WKH�RULHQWDWLRQ�RI� WKH� WZR�SRODULVDWLRQV� VRPH�GLDJUDPV�

KDYH�EHHQ�DGGHG��7KH����R�FRQILJXUDWLRQ�LV�IRXQG�ZKHQ�DQJOH�W�LV���R�DQG�DQJOH�a�LV�HLWKHU��R�RU�

����� ,Q� WKH� ODWWHU� FDVH�� WKH� FRUUHODWLRQ� LV� QRW� WKH� VDPH�EXW� LQYHUVH� DV� FDQ�EH� VHHQ� LQ�)LJXUH�����

EHFDXVH� DW� VXFK� DQ� RULHQWDWLRQ� WKH� WZR� SRODULVDWLRQV� DUH� LQ� DQWLSKDVH��7KH� DQWHQQDV� DUH� LQ�9�+�
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)LJXUH�����*UDSK�VKRZLQJ�WKH�SRODULVDWLRQ�FRUUHODWLRQ�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�

ZLWK�YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a�

$V� FDQ� EH� VHHQ� LQ� )LJXUH� ����� WKHUH� LV� WRWDO� GH�FRUUHODWLRQ� DW� GLIIHUHQW� DQJOHV� RI� URWDWLRQ� DQG�

VSDFLQJ��1RW� DOO� RI� WKHVH�SRLQWV�ZLOO� QHFHVVDULO\�JLYH�PD[LPXP�GLYHUVLW\� JDLQ� VLQFH� WKH�EUDQFK�

SRZHU�UDWLR�DQG�WKH�HIILFLHQF\�ORVV�VWLOO�QHHG�WR�EH�FRQVLGHUHG��7R�ILQG�WKHVH�WZR�TXDQWLWLHV�LW�ZLOO�

EH�QHFHVVDU\�WR�FDOFXODWH�WKH�0(*�JLYHQ�WKH�LQIRUPDWLRQ�XVHG�IRU�FRUUHODWLRQ��

7KHUHIRUH��WR�GHULYH�WKH�UHODWLYH�JDLQ�LQ�OLQHDU�IRUP�EDVHG�RQ�(�ILHOGV��
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6XEVWLWXWLQJ� LQWR� HTXDWLRQ� ������� WR� UHVROYH� WKH�0(*� RQ� ERWK� EUDQFKHV�� LW� LV� WKHQ� SRVVLEOH� WR�

UHVROYH� WKH�EUDQFK�SRZHU� UDWLR��N��XVLQJ�HTXDWLRQ� ��������$V�ZLWK�FRUUHODWLRQ� LQ�)LJXUH������N� LV�

SORWWHG�LQ�)LJXUH�����DQG�WKLV�VKRZV�WKDW�N�LV��G%�ZKHQ�a�LV��R�RU���R��,W�FDQ�DOVR�EH�QRWHG�WKDW�N�LV�

XQLW\�DW�WKH����R�FRQILJXUDWLRQ�DQG�WKHUH�LV�D�PD[LPXP�EUDQFK�SRZHU�UDWLR�RI���G%�ZKHQ�LQ�WKH�

9�+�FRQILJXUDWLRQ��
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)LJXUH�����*UDSK�VKRZLQJ�WKH�EUDQFK�SRZHU�UDWLR�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�ZLWK�

YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a�

,W�LV�SRVVLEOH�WR�DOVR�GHULYH�WKH�HIILFLHQF\�ORVV��/��RQFH�D�UHIHUHQFH�LV�GHILQHG�IRU�0(*��LQ�HTXDWLRQ�

��������$W�WKH�EDVH�VWDWLRQ��WKH�UHIHUHQFH�KDV�RIWHQ�EHHQ�FRQVLGHUHG�DV�WKH�YHUWLFDO��$W�WKH�PRELOH��

WKLV�LV�QRW�SDUWLFXODUO\�XVHIXO�VLQFH�WKH�PRELOH�WHUPLQDO�PD\�QRW�QHFHVVDULO\�EH�W\SLFDOO\�YHUWLFDO��

7KHUHIRUH�LW�ZRXOG�EH�DSSURSULDWH�WR�GHILQH�DQ�DSSURSULDWH�UHIHUHQFH�DQJOH��a���IURP�WKH�YHUWLFDO�DV�

LQ�)LJXUH������7KH�UHODWLYH�JDLQ�FDQ�WKHUHIRUH�EH�GHILQHG�DV��
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8VLQJ�HTXDWLRQV��������DQG��������LW�LV�QRZ�SRVVLEOH�WR�GHULYH�/�IRU�DOO�DQJOHV�DQG�SORW�WKH�UHVXOWV�

DV�ZLWK�N�DQG�FRUUHODWLRQ�LQ�)LJXUH������7KH�VDPH�DQJOH�RI�DUULYDO�PRGHO�DV�XVHG�IRU�FRUUHODWLRQ�LV�

XVHG�KHUH��$Q�DUELWUDU\�YDOXH�RI�a��LV�FKRVHQ�DV���
R�VLPLODU�WR�D�W\SLFDO�DQJOH�DW�WDON�SRVLWLRQ��
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)LJXUH�����*UDSK�VKRZLQJ�WKH�V\VWHP�JDLQ�DW�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH�DW�WKH�PRELOH�ZLWK�

YDULDEOH�DQJXODU�GLIIHUHQFH��W��DQG�IL[HG�YDOXHV�RI�URWDWLRQ��a�

,W�LV�WKHUHIRUH�SRVVLEOH�WR�SORW�V\VWHP�JDLQ�LQ�WKH�VDPH�IRUPDW�LQ�)LJXUH�����ZKHQ�LQ�WDON�SRVLWLRQ�

VR�WKDW�a��LV�DUELWUDULO\�FKRVHQ�WR�EH���
R��6LPLODU�FKDUDFWHULVWLFV�RFFXU�ZKHQ�RWKHU�DQJOHV�RI�a��DUH�

XVHG�DOWKRXJK�LI�WKH\�DUH�QHDU�WKH�YHUWLFDO��WKHQ�WKHUH�ZLOO�EH�D�GURS�LQ�PD[LPXP�GLYHUVLW\�JDLQ�DV�

PXFK�DV����G%��)LJXUH�����LV�D�XVHIXO�JUDSK�WR�LOOXVWUDWH�WKH�GLIIHUHQFH�EHWZHHQ�V\VWHP�JDLQ�DQG�

GLYHUVLW\�JDLQ�H[SODLQHG�LQ�VHFWLRQ��������)RU�H[DPSOH��ZKHQ�W�LV��R�WKHQ�WKH�JDLQ�LV�E\�QR�PHDQV�
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GLYHUVLW\�JDLQ�VLQFH� WKH�EUDQFKHV�DUH�FRUUHODWHG�LQ�WKLV�FDVH��,Q�VXFK�D�FDVH�� WKH�GLYHUVLW\�JDLQ�LV�

XQLW\� DV� WKH� GLYHUVLW\� FRPELQHU� LV� GRUPDQW�� $W� GLIIHUHQW� DQJOHV� RI� URWDWLRQ�� a�� WKH� PD[LPXP�

EUDQFK� VLJQDO� LQ� RQH� RI� WKH� EUDQFKHV� LV� HLWKHU� JUHDWHU� WKDQ� RU� OHVV� WKDQ� WKH� UHIHUHQFH� DW� aR��

&RQVHTXHQWO\��/�LV�HLWKHU�D�JDLQ�RU�D�ORVV�ZKLFK�LV�HTXDO�WR�WKH�UHVXOWLQJ�V\VWHP�JDLQ�LQ�WKLV�FDVH��

$QRWKHU� SRLQW� WR� QRWH� LV� WKDW� WKH� V\VWHP� JDLQ� LV� RYHU� ��G%� DW� ���R�� ZKLFK� LV� WKH� PD[LPXP�

WKHRUHWLFDO�GLYHUVLW\�JDLQ�IRU�D�VHOHFWLRQ�GLYHUVLW\�FRPELQHU�LQ�)LJXUH������7KLV�LV�GXH�WR�WKH�IDFW�

WKDW� WKH�GLYHUVLW\�JDLQ�LQ�WKLV�FDVH�LV����G%��GXH�WR�QRQ�]HUR�FRUUHODWLRQ�DQG�/� LV�����G%�VR�WKDW�

DGGLQJ�WKHVH�WZR�WRJHWKHU�JLYHV�DQ�RYHUDOO�V\VWHP�JDLQ�RI������G%��

,Q�FRQFOXVLRQ��WKH�PD[LPXP�V\VWHP�JDLQ�RFFXUV�ZKHQ�WKHUH�LV����R�FRQILJXUDWLRQ��L�H�W� ���R�DQG�

a� ���R�RU��R���,W�PXVW�EH�QRWHG��KRZHYHU��WKDW�LQ�WKLV�FRQILJXUDWLRQ��WKH�GLYHUVLW\�FRPELQHU�LV�QRW�

ZRUNLQJ� WR� LWV� IXOO� SHUIRUPDQFH� EHFDXVH� WKHUH� LV� QRW� WRWDO� GH�FRUUHODWLRQ�� )RU� WKLV� WR� EH� WUXH�W�

QHHGV� WR�EH�FORVHG�XS� WR���R�ZLWK�a� DW���R� �L�H�������R�FRQILJXUDWLRQ���7KLV� VKRZV�DQ� LPSRUWDQW�

FDVH�� WKDW�DOWKRXJK� WKH�RXWSXW� LV�PD[LPXP�DW����R�� WKH�GLYHUVLW\�FRPELQHU� LV�QRW�SHUIRUPLQJ� LWV�

IXOO�SRWHQWLDO��7KHUHIRUH��WKH�LPSURYHG�V\VWHP�SHUIRUPDQFH�LV�SDUWO\�GXH�WR�WKH�GLYHUVLW\�V\VWHP��

EXW� DOVR� WKH� LQFUHDVH� 0(*� IURP� D� GXDO� DQWHQQD� V\VWHP�� 7KLV� PHWKRG� GLVWLQJXLVKHV� WKH� WZR�

FRQWULEXWLRQV��

������ (IIHFWV�RI�FURVV�SRODU�UDWLR�RQ�SRODULVDWLRQ�GLYHUVLW\�

%HIRUH� JRLQJ� IXUWKHU� DQG� FRQVLGHULQJ� DQWHQQD� HIIHFWV� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� SRODULVDWLRQ�

GLYHUVLW\�LV�KHDYLO\�GHSHQGHQW�RQ�WKH�FURVV�SRODU�UDWLR��;35��$V�DOUHDG\�GLVFXVVHG��LW�LV�DVVXPHG�WR�

EH��G%�DOWKRXJK�WKLV�FRXOG�YDU\�FRQVLGHUDEO\�GHSHQGLQJ�RQ�WKH�IDGLQJ�HQYLURQPHQW��,Q�WKH�FDVH�RI�

SRODULVDWLRQ�GLYHUVLW\�LW�LV�QHFHVVDU\�WR�KDYH�DV�PXFK�FURVV�SRODULVDWLRQ�DV�SRVVLEOH��L�H��;35�LV�DV�

ORZ�DV�SRVVLEOH���,Q�VXEXUEDQ�DQG�UXUDO�HQYLURQPHQWV��;35�LV�OLNHO\�WR�LQFUHDVH�DQG�VR�WKHUH�LV�D�

PD[LPXP�;35� WR� DFKLHYH� SRODULVDWLRQ� GLYHUVLW\�� )RU�;35� ORZHU� WKDQ� �G%�� GLYHUVLW\� LPSURYHV�

DOWKRXJK�ZKHQ�LQFUHDVHG�WKHUH�LV�VWLOO�VRPH�VFRSH�IRU�GLYHUVLW\�XQWLO�WKH�;35�KDV�UHDFKHG���G%�LQ�

RUGHU� WR� DFKLHYH� D� VXLWDEOH� GH�FRUUHODWLRQ�� D� UHDVRQDEOH� EUDQFK� SRZHU� UDWLR� DQG� VLJQDO� WR� QRLVH�

UDWLR� ORVV�� � %H\RQG� WKLV� SRLQW� WKH� VLJQDO� WR� QRLVH� UDWLR� ORVV� UHGXFHV� EHORZ� ±�G%� DW� ���R�

FRQILJXUDWLRQ�� UHVXOWLQJ� LQ� DQ� RXWSXW� WKDW� KDV� QR� JDLQ� DERYH� WKH� RULJLQDO� UHIHUHQFH�� 7KHUHIRUH�

SRODULVDWLRQ�GLYHUVLW\�LV�QRW�VXLWDEOH�IRU�UXUDO�HQYLURQPHQWV�WKDW�KDYH�VXFK�;35�FKDUDFWHULVWLFV��

������ (IIHFWV�RI�DQJOH�RI�DUULYDO�RQ�SRODULVDWLRQ�GLYHUVLW\�

,W� KDV� DOUHDG\� EHHQ� HPSKDVLVHG� WKDW� WKH� VWDQGDUG� GHYLDWLRQ� RQ� WKH� DQJOH� RI� DUULYDO� PRGHO� FDQ�

FKDQJH� UDSLGO\�ZKHQ�EXLOGLQJ� KHLJKWV� YDU\� >7DJD��@� DOWKRXJK� WKH�PHDQ�YDOXH� GRHV� QRW� FKDQJH�

FRQVLGHUDEO\��7R�LGHQWLI\�WKH�VFDOH�E\�ZKLFK�FRUUHODWLRQ�FKDQJHV�)LJXUH�����VKRZV�WKH�FRUUHODWLRQ�
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IRU�IL[HG�URWDWLRQ�DQJOH��a��ZKHQ�WKH�VWDQGDUG�GHYLDWLRQ��s$�� LV���
R����R�DQG���R��$V�FDQ�EH�VHHQ�

WKHUH�LV�OLWWOH�FKDQJH�LQ�WKH�FRUUHODWLRQ�VR�WKH�HIIHFWV�RI�YDU\LQJ�DQJOH�RI�DUULYDO�FDQ�EH�DVVXPHG�

QHJOLJLEOH��%UDQFK�SRZHU�UDWLR�DQG�HIILFLHQF\�ORVV��/��ZLOO�QRW�EH�DIIHFWHG�VLQFH�WKH�PHDQ�HIIHFWLYH�

JDLQ�RI�WKH�DQWHQQDV�ZLOO�ERWK�FKDQJH�E\�WKH�VDPH�IDFWRU��7KHUHIRUH�WKHUH�ZLOO�EH�QHJOLJLEOH�HIIHFW�

RQ�WKH�RYHUDOO�V\VWHP�JDLQ�GXH�WR�FKDQJH�LQ�$2$��
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)LJXUH�����*UDSK�VKRZLQJ�WKH�DQJOH�RI�DUULYDO�HIIHFWV�RQ�FRUUHODWLRQ�ZLWK�WKH�DQJOH�RI�URWDWLRQ��a��

IL[HG�DW���R�DQG�YDULDEOH�DQJXODU�GLIIHUHQFH��W�

������ $QWHQQD�HIIHFWV�RQ�SRODULVDWLRQ�GLYHUVLW\�FKDUDFWHULVDWLRQ�

,Q� WKH�FDVH�RI�PHDVXULQJ� WKH�SRODULVDWLRQ�GLYHUVLW\� LQ� WKH� IDGLQJ�HQYLURQPHQW�� WKHUH�DUH�DQWHQQD�

SURSHUWLHV� WR�FRQVLGHU��ZKLFK�ZLOO�DIIHFW�ZKDW�FRUUHODWLRQ�LV�PHDVXUHG�DW� WKH�UHFHLYHU��)XUWKHU� WR�

WKLV�WKH�DQWHQQDV�PD\�KDYH�GLIIHUHQW�PHDQ�HIIHFWLYH�JDLQ��ZKLFK�ZLOO�DIIHFW�EUDQFK�SRZHU�UDWLR�DQG�

HIILFLHQF\��$�XVHIXO�ZD\�WR�PHDVXUH�SRODULVDWLRQ�GLYHUVLW\�HIIHFWLYHO\�LV�E\�XVLQJ�D�ORRS�DQWHQQD�

IRU� WKH� KRUL]RQWDO� SRODULVDWLRQ� �VLQFH� LW� RQO\� KDV�(f� SRODULVDWLRQV� WR�PHDVXUH�(\�� DQG� D� YHUWLFDO�

GLSROH�ZLWK�RQO\�(q�FRPSRQHQWV�WR�PHDVXUH�(]�>&R[��@��7KH�WZR�DQWHQQDV�FDQ�EH�DWWHQXDWHG�DW�WKH�

RXWSXW� DV� QHFHVVDU\� WR� FKDQJH� WKHLU� UHODWLYH�SRODULVDWLRQV� DV� LQ�)LJXUH������0HDVXUHPHQW�RI� WKH�

;35�FDQ�DOVR�EH�IRXQG�IURP�VXFK�PHDVXUHPHQWV���

)RU� WKH� PHDVXUHPHQW� VFHQDULR�� LW� LV� QHFHVVDU\� WR� GHULYH� WKH� ORDG� PDWUL[� EHORZ� E\� FRPELQLQJ�

HTXDWLRQV��������DQG�HTXDWLRQV���������
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:KHQ�WKH�LVRODWLRQ��VU��LV�JUHDWHU�WKDQ�±��G%�WKHQ�LW�ZLOO�KDYH�VLJQLILFDQW�LPSDFW�RQ�PHDVXUHPHQW�

RI�WKH�FRUUHODWLRQ��&RPSOH[LW\�DULVHV�ZKHQ�WKH�LVRODWLRQ�DQG�SRVVLEO\�PDWFKLQJ�FRQGLWLRQV�IRU�VW��

DQG�VW��FKDQJH�ZKHQ�WKH�UHVSHFWLYH�SRODULVDWLRQV�FKDQJH��/RZ�LVRODWLRQ�ZLOO�FKDQJH�WKH�FRUUHODWLRQ�

GXH�WR�SRZHU�EHLQJ�H[FKDQJHG�EHWZHHQ�EUDQFKHV��,I�WKHUH�LV�QHJOLJLEOH�PLVPDWFK��ZLWK�UHWXUQ�ORVV�

EHORZ�±��G%��DQG�LI�VU�LV�EHORZ�±��G%�WKHQ�HTXDWLRQ��������ZLOO�UHGXFH�WR�HTXDWLRQ���������

$QRWKHU�KHOSIXO�LWHP�WR�QRWH�LV�WKDW�WKH�DQWHQQDV�DUH�QRW�QHFHVVDULO\�SRODULVDWLRQ�SXUH��L�H��WKHUH�LV�

D�VLJQLILFDQW�FURVV�SRODU�FRPSRQHQW� WKDW� LV�QRW�QHJOLJLEOH�FRPSDUHG�WR�WKH�FR�SRODU�FRPSRQHQW���

/LNH� LVRODWLRQ� LW� ZLOO� FUHDWH� IXUWKHU� FKDQJHV� WR� WKH� RSWLPXP� FRQILJXUDWLRQ� UHVXOWLQJ� LQ� IXUWKHU�

FRPSOH[LWLHV�ZLWKLQ�WKH�VWUXFWXUH�VLQFH�WKH�SRODULVDWLRQV�RI�RQH�DQWHQQD�FKDQJH�LQ�WKH�SUHVHQFH�RI�

WKH�RWKHU��,I�WKH�WZR�DQWHQQDV�KDYH�WKH�VDPH�SRODULVDWLRQ�LPSXULW\�WKHQ�WKH�IROORZLQJ�PDWUL[��0��
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,I�WKH�WZR�DQWHQQDV�KDYH�GLIIHUHQW�SRODULVDWLRQ�LPSXULWLHV�WKHQ�WKH�PDWKHPDWLFV�DUH�YHU\�FRPSOH[�

VR�WKH\�DUH�QRW�VKRZQ�IRU�FODULW\���

%UDQFK�SRZHU�UDWLR�DQG�HIILFLHQF\�DUH�DIIHFWHG�E\�WKH�JDLQ�SDWWHUQV�RI� WKH�DQWHQQDV�DQG�WKH�IDFW�

WKDW� SRZHU� LV� EHLQJ� H[FKDQJHG� EHWZHHQ� WKHP�� 7KHUHIRUH� HTXDWLRQV� ������� WR� ������� FDQ� EH�

PRGLILHG�DV�IROORZV�LQ�RUGHU�WR�DFFRXQW�IRU�DQWHQQD�HIIHFWV�LQ�WKLV�VLWXDWLRQ��
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ZKHUH�*3qQ� DQG�*3fQ� UHSUHVHQW� WKH� JDLQ� SDWWHUQV� RI� WKH� DQWHQQDV� DW� D� JLYHQ� DQJOH�ZKHQ� LQ� WKH�

SUHVHQFH�RI�WKH�RWKHU�DQWHQQD���

,Q�WHUPV�RI�HYDOXDWLQJ�SRODULVDWLRQ�GLYHUVLW\�RI�WZR�PRELOH�WHUPLQDO�DQWHQQDV��WKLV�VHFWLRQ�GRHV�QRW�

KDYH�DQ\�GLUHFW�DSSOLFDWLRQ�VLQFH�W\SLFDO�PRELOH�DQWHQQDV�KDYH�(q�DQG�(f�FRPSRQHQWV�UDWKHU�WKDQ�

YHUWLFDO� DQG�KRUL]RQWDO� SRODULVDWLRQV��7KHUHIRUH� D�GLIIHUHQW�PHWKRG�RI� HYDOXDWLRQ�KDV� WR�EH�XVHG�

WKDW�LV�LQKHUHQW�ZLWKLQ�DQJXODU�GLYHUVLW\��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�FKDSWHU��7KH�SXUSRVH�

RI�SUHVHQWLQJ� WKLV� VHFWLRQ� LV�SXUHO\� LQ� WKH� LQWHUHVWV�RI� VKRZLQJ�ZKHQ�PHDVXULQJ� WKH�SRODULVDWLRQ�

GLYHUVLW\� LQ� D� IDGLQJ� HQYLURQPHQW� DQG� KRZ� DQWHQQDV� XVHG� ZRXOG� DIIHFW� WKDW�� (YDOXDWLQJ� WKH�

SRODULVDWLRQ�GLYHUVLW\�SHUIRUPDQFH�RI�WZR�PRELOH�WHUPLQDO�DQWHQQDV�ZLOO�EH�SUHVHQWHG�LQ�WKH�QH[W�

FKDSWHU��

������ 7KLUG�SRODULVDWLRQ�IRU�QRQ�XQLIRUP�D]LPXWK�$2$�

6LQFH�WKHUH�LV�D�XQLIRUP�D]LPXWK�$2$��WKH�WKLUG�SRODULVDWLRQ��([��LV�QRW�UHOHYDQW�DOWKRXJK�ZLWK�D�

QRQ�XQLIRUP�DQJOH�RI�DUULYDO�WKH�WKLUG�SRODULVDWLRQ�ZLOO�KDYH�D�GLIIHUHQW�PHDQ�SRZHU�WR�WKDW�RI�(\�
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:KHUH�§�GHQRWHV�WKH�UHDO�SDUW��$JDLQ��LQ�WKLV�VLWXDWLRQ��WKH�HIIHFWV�DUH�QHJOLJLEOH�ZKHQ�VU�LV�EHORZ�

±��G%�DQG�ZKHQ�WKHUH�DUH�QHJOLJLEOH�PLVPDWFKHV�JLYLQJ�UHWXUQ�ORVV�RI�OHVV�WKDQ�±��G%��,Q�FDVHV�

ZKHUH�DQWHQQDV�DUH�FORVHO\�VSDFHG��WKHQ�ORZ�LVRODWLRQ�ZLOO�UHVXOW��$V�D�FRQVHTXHQFH��WKH�FRXSOLQJ�

GRHV�FDXVH�VRPH�GHJUHH�RI�LQFUHDVH�LQ�FRUUHODWLRQ�VLQFH�WKH�KLJK�FRXSOLQJ�PDNHV�LW�KDUGHU�IRU�WKH�

UHFHLYHU� GLVWLQJXLVK� WKH� GLIIHUHQFH� EHWZHHQ� WKH� VLJQDOV� LQ� WKH� WZR� EUDQFKHV� ZKHQ� VSDWLDOO\�

VHSDUDWHG��
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PRQRSROH�WKDW�ZDV�QRW�GULYHQ�ZDV�ORDGHG�ZLWK���W��%RWK�RI�WKH�PRQRSROHV�ZHUH�IHG�ZLWK�FRD[LDO�

FDEOH�ZLWK�IHUULWH�ULQJV�WR�SUHYHQW�DQ\�FXUUHQW�LPEDODQFH��$OVR�D��G%�SDG�DWWHQXDWRU�ZDV�XVHG�DW�

WKH� GULYLQJ� LQSXW� WR� SUHYHQW� DQ\� LPSHGDQFH�PLVPDWFK�� 6XIILFLHQW� JURXQG� SODQH� ����[���P��ZDV�

DOVR�XVHG�VXFK�WKDW�DW�OHDVW�D�TXDUWHU�ZDYHOHQJWK�UDGLXV�RI�JURXQG�SODQH�ZDV�VXUURXQGLQJ�ERWK�RI�

WKH�PRQRSROHV�ZKDWHYHU�GLVWDQFH�DSDUW�WKH\�ZHUH�PRYHG�WR��$�VHULHV�RI�KROHV�ZHUH�GULOOHG�LQ�WKH�

JURXQG�SODQH�WR�UH�VROGHU�WKH�PRQRSROHV�DFFRUGLQJ�WR�WKH�GLVWDQFH�DSDUW�UHTXLUHG��

(OHYDWLRQ� SDWWHUQV� ZHUH� RI� WKH� PRQRSROHV� ZHUH� WKHQ� PHDVXUHG� DQG� FRUUHODWLRQ� ZDV� HYDOXDWHG�

EDVHG� RQ�PHWKRGV� WKDW� DUH� H[SODLQHG� LQ� WKH� QH[W� FKDSWHU�� 7KH� 6� SDUDPHWHUV� ZHUH� DOVR� XVHG� WR�

HYDOXDWH�WKH�VSDWLDO�FRUUHODWLRQ��:KHQ�WKH�DQWHQQDV�ZHUH�FORVHU�WKDQ�KDOI�D�ZDYHOHQJWK��LVRODWLRQ�

ZDV�ORZ��JUHDWHU�WKDQ�±��G%�VR�VSDWLDO�FRUUHODWLRQ�ZDV�DIIHFWHG��

$V�ZRXOG�EH�H[SHFWHG�DV�VKRZQ�LQ�)LJXUH�������WKH�DQJXODU�FRPSOH[�FRUUHODWLRQ�GHFUHDVHV�DV�WKH�

GLSROHV�JHW� FORVHU� WRJHWKHU��:KHQ� WKH\� DUH� VSDFHG�EH\RQG�����ZDYHOHQJWKV� WKH� VSDWLDO� FRPSOH[�

FRUUHODWLRQ�UHGXFHV�ZKHUH�DV�WKH�DQJXODU�FRUUHODWLRQ�JHWV�FORVHU�WR�XQLW\��)XUWKHU�WR�WKLV�WKH�VSDWLDO�

FRUUHODWLRQ�LQFUHDVHV�DV�WKH�DQWHQQDV�JHW�FORVHU�DQG�LQFUHDVH�LQ�FRXSOLQJ��7KHUHIRUH�DV�WKH�DQWHQQDV�

JHW� FORVHU�� WKH� DQJXODU� FRUUHODWLRQ�QHHGV� WR� EH�RSWLPLVHG� VXFK� WKDW� LW� FDQ� DFKLHYH�EHWWHU� RYHUDOO�
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GHFRUUHODWLRQ��$V�WKH�GLVWDQFH�LQFUHDVHV��WKHUH�LV�OHVV�QHHG�IRU�DQJXODU�FRQWULEXWLRQ�VLQFH�WKHUH�LV�

VXIILFLHQW�VSDWLDO�GHFRUUHODWLRQ��
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)LJXUH������*UDSK�VKRZLQJ�WKH�LQWHUDFWLRQ�RI�DQJXODU�DQG�VSDWLDO�GLYHUVLW\�RQ�WZR�FORVHO\�VSDFHG�

PRQRSROHV�

8QGHUVWDQGLQJ� VSDWLDO�� DQJXODU� DQG� SRODULVDWLRQ� GLYHUVLW\� LQ� D� PRELOH� GLYHUVLW\� V\VWHP� UHTXLUHV�

FRUUHFW�LQWHUSUHWDWLRQ�ZKHQ�UHVXOWV�DUH�SUHVHQWHG��0RUH�RI�WKLV�ZLOO�EH�SUHVHQWHG�LQ�WKH�IROORZLQJ�

FKDSWHU�ZKHQ� WKH�PHWKRG� IRU� DQDO\VLQJ� DQWHQQD� GLYHUVLW\� SHUIRUPDQFH� LV� H[SODLQHG� LQ� RUGHU� WR�

GHWHUPLQH�ZK\�DQWHQQDV�KDYH�GLYHUVLW\��

������ (IIHFWV�RI�DQJOH�RI�DUULYDO�DQG�FURVV�SRODU�UDWLR�RQ�DQJXODU�GLYHUVLW\�

$V�ZLWK� VSDWLDO� DQG�SRODULVDWLRQ� FRUUHODWLRQ�� WKH�DQJXODU� FRUUHODWLRQ� LV� FRPSDUHG� LQ�)LJXUH������

ZKHQ� WKH� VWDQGDUG�GHYLDWLRQ�RQ� WKH�HOHYDWLRQ�DQJOH�RI�DUULYDO� LV�YDULHG��$V�FDQ�EH�VHHQ� WKHUH� LV�

QHJOLJLEOH�GLIIHUHQFH�EHWZHHQ�WKH�FXUYHV�VR�WKH�HIIHFWV�RI�DQJOH�RI�DUULYDO�FDQ�EH�LJQRUHG��&URVV�

SRODU�UDWLR��;35��FDQQRW�EH�FKDQJHG�WR�VKRZ�LWV�HIIHFW�RQ�WKH�FRUUHODWLRQ�VLQFH�PRQRSROHV�DUH�RQO\�

YHUWLFDOO\�SRODULVHG��5HVXOWV�VKRZQ�LQ�IROORZLQJ�FKDSWHUV��KRZHYHU��ZLOO�VKRZ�WKH�HIIHFWV�RI�;35�

VLQFH�WKHUH�ZLOO�EH�D�FURVV�SRODU�FRPSRQHQW�LQYROYHG��
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)LJXUH������*UDSK�VKRZLQJ�FRPSDULVRQV�RI�WKH�DQJXODU�FRUUHODWLRQ�ZLWK�GLIIHUHQW�DQJOH�RI�DUULYDO�

VWDWLVWLFV�EDVHG�RQ�UHVXOWV�WDNHQ�IURP�FORVHO\�VSDFHG�PRQRSROHV�

������ (IILFLHQF\�ORVV�IURP�DQJXODU�GLYHUVLW\�

$OWKRXJK�FORVHO\�VSDFHG�PRQRSROHV�PD\�DFKLHYH� LQFUHDVHG�DQJXODU�GLYHUVLW\�� WKLV�GRHV�FRPH�DW�

WKH�H[SHQVH�RI�UHGXFWLRQ�LQ�HIILFLHQF\��$V�FDQ�EH�VHHQ�IURP�)LJXUH�������WKH�PXWXDO�UHVLVWDQFH��U����

LQFUHDVHV�GUDPDWLFDOO\�EHORZ����l�VSDFLQJ�DQG�WKH�LQSXW�UHVLVWDQFH��U����DQG�LQSXW�UHDFWDQFH��[����

RI�HDFK�PRQRSROH� LV�DIIHFWHG�DV�ZHOO��7KHUHIRUH� LQ� VXFK�FDVHV�RI�FORVH�VSDFLQJ��ZKHUH� WKH�KLJK�

PXWXDO� FRXSOLQJ� FDXVHV� D� VLJQLILFDQW� DPRXQW� RI� FXUUHQW� WR� EH� GUDLQHG� LQ� WKH� ORDGHG� SDUDVLWLF�

HOHPHQW��WKHQ�SRZHU�LV�ORVW���

/RVLQJ�VXFK�SRZHU�UHVXOWV�LQ�D�ORVV�RI�HIILFLHQF\�FRQVHTXHQWO\�UHGXFLQJ�WKH�0(*�DV�ZHOO��)LJXUH�

����� VKRZV� WKH� 0(*� SORWWHG� YHUVXV� VSDWLDO� GLVWDQFH�� G�� DQG� LW� VKRZV� WKDW� WKH� 0(*� UHGXFHV�

VLJQLILFDQWO\�DV�WKH�PRQRSROHV�JHW�FORVHU�WRJHWKHU�EHORZ����l�GXH�WR�WKH�LQFUHDVH�LQ�FRXSOLQJ��7KH�

0(*�LQ�WKLV�FDVH�ZDV�HYDOXDWHG�XVLQJ�PHWKRGV�H[SODLQHG�LQ�FKDSWHU����

������ 'LYHUVLW\�SHUIRUPDQFH�RI�WZR�FORVHO\�VSDFHG�PRQRSROHV�

.QRZLQJ�WKH�FRUUHODWLRQ�DQG�0(*��WKH�FRPSDULVRQ�EHWZHHQ�GLYHUVLW\�JDLQ�DQG�V\VWHP�JDLQ�YHUVXV�

VSDWLDO�GLVWDQFH�FDQ�EH�VHHQ�LQ�)LJXUH������ZKHUH�WKH�GLYHUVLW\�JDLQ�LV�UHDVRQDEO\�FRQVWDQW�VLQFH�

WKH� VSDWLDO� DQG� DQJXODU� FRUUHODWLRQ� FRPSOHPHQW� HDFK� RWKHU� WR� JLYH� D� ORZ� RYHUDOO� FRUUHODWLRQ��

+RZHYHU��WKH�HIILFLHQF\�ORVV�GRHV�JLYH�D�ORZHU�RXWSXW�V\VWHP�JDLQ�ZKHQ�WKH�PRQRSROHV�DUH�FORVH�

DOWKRXJK�LW�LV�VWLOO�D�UHDVRQDEOH�V\VWHP�JDLQ��
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)LJXUH������*UDSK�VKRZLQJ�WKH�VHOI�LPSHGDQFH�DQG�PXWXDO�LPSHGDQFH�EHWZHHQ�WZR�FORVHO\�VSDFHG�

PRQRSROHV�
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)LJXUH������*UDSK�VKRZLQJ�0HDQ�(IIHFWLYH�*DLQ��0(*��IRU�WZR�FORVHO\�VSDFHG�PRQRSROHV�YHUVXV�

VSDWLDO�GLVWDQFH�
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)LJXUH������*UDSK�VKRZLQJ�WKH�FRPSDULVRQ�EHWZHHQ�GLYHUVLW\�JDLQ�DQG�V\VWHP�JDLQ�IRU�WZR�FORVHO\�

VSDFHG�PRQRSROHV�

���� &RQFOXVLRQV�

7KH�WKUHH�PDLQ�IRUPV�RI�GLYHUVLW\�EHLQJ�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\�DW�WKH�PRELOH�

KDYH�EHHQ�SUHVHQWHG�XVLQJ�QHZ� WKHRUHWLFDO�PRGHOV� FRQVLGHULQJ�HIIHFWV�RI� WKH�DQWHQQD�� WKH�$2$�

DQG�;35�DW�WKH�PRELOH��7KH�UHOHYDQW�DQWHQQD�SURSHUWLHV�LQFOXGLQJ�0(*��SRODULVDWLRQ��PXWXDO�DQG�

VHOI�LPSHGDQFHV�KDYH�EHHQ�SUHVHQWHG�DQG�LW�LV�VKRZQ�KRZ�WKH\�DUH�LQWHJUDWHG�LQWR�GLYHUVLW\��

1HZ�PRGHOV�SUHVHQWHG�IRU�SRODULVDWLRQ�GLYHUVLW\�VKRZ�KRZ�WKH�GLYHUVLW\�FRPELQHU�SHUIRUPV�EHVW�

DW�WKH������R�FRQILJXUDWLRQ�EHFDXVH�WKHUH�LV�HTXDO�PHDQ�SRZHU�EHWZHHQ�WKH�EUDQFKHV�DQG�WRWDO�GH�

FRUUHODWLRQ��+RZHYHU��GXH�WR�VLJQDO�ORVVHV�LQ�HDFK�EUDQFK�FRPSDUHG�WR�D�UHIHUHQFH�EUDQFK�DW���R�

IURP�WKH�YHUWLFDO�����R�FRQILJXUDWLRQ�GRHV�JLYH�D�EHWWHU�RXWSXW�EHFDXVH�WKH�EUDQFKHV�KDYH�JDLQ�LQ�

SRZHU��7KH�VSDWLDO�GLYHUVLW\�PRGHO�LQFOXGHV�FRQVLGHUDWLRQ�RI�YHUWLFDO�VSDFLQJ��KRUL]RQWDO�VSDFLQJ�

DQG�GLDJRQDO�VSDFLQJ��ZKLFK�LV�HQFRXQWHUHG�DW�WKH�PRELOH��

&RQVLGHULQJ� WKHVH� QHZ� PRGHOV�� LW� KDV� EHHQ� VKRZQ� KRZ� LQWHJUDWLQJ� WKH� HIIHFWV� RI� DQWHQQD�

LPSHGDQFHV�GRHV�DIIHFW�WKH�VSDWLDO�DQG�SRODULVDWLRQ�FRUUHODWLRQ�VHHQ�DW�WKH�UHFHLYHU�ZKHQ�DQWHQQDV�

DUH� FORVHO\� VSDFHG�� +LJK� PXWXDO� LPSHGDQFH� FDXVHV� DQ� LQFUHDVH� LQ� FRUUHODWLRQ� VLQFH� WKH� WZR�

EUDQFKHV� FDQQRW� EH� HDVLO\� FRPSDUHG� DW� WKH� UHFHLYHU� LQ� VXFK� FDVHV�� )RU� DQJXODU� FRUUHODWLRQ��

LPSHGDQFH�DIIHFWV�RQO\�WKH�SKDVH�DQG�VR�WKH�DQJXODU�ILHOG�SDWWHUQV�FDQ�EH�FRUUHODWHG�ZKHQ�LQ�WKH�

SUHVHQFH� RI� HDFK� RWKHU�� $OWKRXJK� FORVHO\� VSDFHG� DQWHQQDV� PD\� EH� DEOH� WR� JHQHUDWH� VLJQLILFDQW�
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DQJXODU�FRUUHODWLRQ��LW�GRHV�FRPH�DW�WKH�H[SHQVH�RI�ORVLQJ�VRPH�HIILFLHQF\��VR�WKH�WZR�QHHG�WR�EH�

FRPSDUHG�WR�VHH�KRZ�WKH�RYHUDOO�RXWSXW�LV�DIIHFWHG��

7KH� QH[W� FKDSWHU� ZLOO� DSSO\� WKHVH� FRQFHSWV� WR� DQDO\VH� ZK\� PRELOH� WHUPLQDO� DQWHQQDV� KDYH�

GLYHUVLW\�WR�KHOS�WKH�GHVLJQHU�GHWHUPLQH�KRZ�WKH\�FDQ�EH�DSSURSULDWHO\�RSWLPLVHG��)XUWKHU�WR�WKLV�

WKH�QH[W�FKDSWHU�ZLOO�VKRZ�KRZ�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�LQWHJUDWH�WRJHWKHU�WR�

SURGXFH�DQ�RYHUDOO�FRUUHODWLRQ��)URP�WKLV�WKH�GHVLJQHU�FDQ�LGHQWLI\�WKH�VLJQLILFDQW�FRQWULEXWLRQV�WR�

GLYHUVLW\�DQG�KRZ�WKH\�LQWHUDFW��

7KH�ZRUN�SUHVHQWHG�IRU�SRODULVDWLRQ�GLYHUVLW\�ZDV�FRPSLOHG�LQWR�D�MRXUQDO�SDSHU��³&KDUDFWHULVDWLRQ�

RI�3RODUL]DWLRQ�'LYHUVLW\�DW�WKH�0RELOH´��DZDLWLQJ�VXEPLVVLRQ��7KH�ZRUN�SUHVHQWHG�IRU�VSDWLDO�DQG�

DQJXODU� GLYHUVLW\� ZDV� FRPSLOHG� LQWR� DQRWKHU� MRXUQDO� SDSHU�� ³$QDO\VLV� RI� 0RELOH� 7HUPLQDO�

'LYHUVLW\� $QWHQQDV´� DOVR� DZDLWLQJ� VXEPLVVLRQ� 6LPLODU� FRQIHUHQFH� SXEOLFDWLRQV� KDYH� DOVR� EHHQ�

SURGXFHG� LQFOXGLQJ�³0RGHOOLQJ�3RODULVDWLRQ�'LYHUVLW\�DW� WKH�0RELOH�7HUPLQDO´��SUHVHQWHG�DW� WKH�

,QWHUQDWLRQDO�&RQIHUHQFH�RI�$QWHQQDV�DQG�3URSDJDWLRQ��,&$3���$SULO������DQG�³6SDWLDO�'LYHUVLW\�

RI� 7ZR� &ORVHO\� 6SDFHG� 'LSROHV´�� SUHVHQWHG� DW� WKH� 3RVWJUDGXDWH� 5HVHDUFK� LQ� (OHFWURQLFV��

3KRWRQLFV��&RPPXQLFDWLRQV�DQG�6RIWZDUH��35(3��FRQIHUHQFH�LQ�$SULO�������

�
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&KDSWHU���

�� 0HWKRG� IRU� (YDOXDWLQJ� 'LYHUVLW\� DW� WKH�

0RELOH�7HUPLQDO�

,Q�WKH�SUHYLRXV�FKDSWHU��WKHRUHWLFDO�PRGHOV�IRU�WKH�PDLQ�IRUPV�RI�DQWHQQD�GLYHUVLW\�DW�WKH�PRELOH�

WHUPLQDO�ZHUH�SUHVHQWHG��7KH�HIIHFWV�RI�WKH�DQWHQQD�ILHOG�SDWWHUQV��PXWXDO�FRXSOLQJ�DQG�PDWFKLQJ�

SURSHUWLHV� ZHUH� DOVR� SUHVHQWHG�� 7R� HYDOXDWH� GLYHUVLW\� RI� DFWXDO� PRELOH� WHUPLQDO� DQWHQQDV�� WKH�

PHDVXUHPHQWV�RU�VLPXODWLRQV�QHHG�WR�EH�DSSURSULDWHO\�FDUULHG�RXW�DQG�SURFHVVHG�DV�H[SODLQHG�LQ�

WKLV�FKDSWHU�XVLQJ�WKH�WKHRU\�H[SODLQHG�LQ�FKDSWHU����$OO�PRELOH�WHUPLQDO�GLYHUVLW\�DQWHQQDV�ZLOO�

FRQVLVW�RI�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�FRPSRQHQWV�ZKLFK�XQIRUWXQDWHO\�FDQQRW�EH�

VLPSO\�PXOWLSOLHG�RU�DGGHG� WRJHWKHU� WR�HYDOXDWH� WKH�RYHUDOO�FRUUHODWLRQ�� ,W� LV� LPSRUWDQW� WKHUHIRUH�

WKDW� WKH� FRUUHODWLRQ� YDOXHV� DUH� FRUUHFWO\� LQWHUSUHWHG� WR� XQGHUVWDQG� WKH� VSDWLDO�� SRODULVDWLRQ� DQG�

DQJXODU�FRQWULEXWLRQV��7KLV�ZLOO�LQGLFDWH�ZK\�WKH�PRELOH�WHUPLQDO�DQWHQQDV�KDYH�GLYHUVLW\�WR�DVVLVW�

WKH�GHVLJQHU��)XUWKHU�WR�WKLV��LW�FDQ�EH�DQDO\VHG�KRZ�WKH�DQWHQQDV�PLJKW�EH�DSSURSULDWHO\�RSWLPLVHG�

IRU�PD[LPXP�GLYHUVLW\�SHUIRUPDQFH�DQG�HIILFLHQF\��

���� *HQHUDO�9DULDEOHV�

)RU� DOO� IRUPV� RI� FRUUHODWLRQ�� LW� LV� QHFHVVDU\� WR� XVH� WKH� FURVV�SRODU� SRZHU� UDWLR��;35� �H[FHSW� LQ�

VSDWLDO��� WKH�PHDQ�DQJOH�RI�DUULYDO��q ��DQG�WKH�VWDQGDUG�GHYLDWLRQ�RI� WKH�DQJOH�RI�DUULYDO��s$��$V�

GLVFXVVHG�LQ�FKDSWHU���WKH�;35�LV�DVVXPHG�WR�EH��G%��q �DQG�s$�DUH�DOVR�DVVXPHG�WR�EH���
R�IRU�WKH�

SXUSRVH�RI� WKH�DQDO\VLV�SUHVHQWHG�LQ�WKLV�FKDSWHU��7KHUHIRUH�WKH�HIIHFWV�RI�FKDQJLQJ�WKHLU�ILJXUHV�

VKRXOG�EH�QRWHG�DV� DSSURSULDWH� DOWKRXJK� WKH\�DUH� VKRZQ� WR�KDYH� OLWWOH� HIIHFW�RQ�GLYHUVLW\� LQ� WKH�

JHQHUDO�FDVH���

���� (YDOXDWLQJ�6SDWLDO�&RUUHODWLRQ�

7KH� VLPSOHVW� FRUUHODWLRQ� WR� HYDOXDWH� LV� WKH� ORDGHG� VSDWLDO� FRUUHODWLRQ� ZKHUH� WKH� DSSURSULDWH�

SDUDPHWHUV�FDQ�EH�IRXQG�WR�HYDOXDWH�WKH�FRPSOH[�FRUUHODWLRQ�IURP�HTXDWLRQ���������)LUVW�RI�DOO�WKH�

WUDQVIHU�PDWUL[��67��FDQ�EH�FDOFXODWHG�E\�WDNLQJ�WZR�SRUW�6�SDUDPHWHU�PHDVXUHPHQWV�IURP�D�YHFWRU�
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QHWZRUN�DQDO\VHU�ZKHQ�WKH�DQWHQQDV�DUH�LQ�WKH�SUHVHQFH�RI�HDFK�RWKHU�LQ�IUHH�VSDFH��7KH�UHVSHFWLYH�

=�SDUDPHWHUV�FDQ�OLNHZLVH�EH�FDOFXODWHG�IURP�WKH�6�SDUDPHWHUV�XVLQJ�HTXDWLRQV�����D��WR�����G���

7KH� RWKHU� SDUDPHWHU� WKDW� QHHGV� WR� EH� NQRZQ� ZKHQ� HYDOXDWLQJ� VSDWLDO� GLYHUVLW\� LV� WKH� GLVWDQFH�

EHWZHHQ�WKH�DQWHQQDV�� �� KG + ��DQG�WKHLU�UHVSHFWLYH�DUJXPHQW��dq��XVHG�LQ�HTXDWLRQ���������,Q�

WKH� FDVH� RI� PRELOH� WHUPLQDO� DQWHQQDV� WKH� VSDWLDO� GLVWDQFH� LV� VWULFWO\� WKH� GLVWDQFH� EHWZHHQ� WKH�

DQWHQQD�SKDVH�FHQWUHV�ZKHQ� WKH�DQWHQQDV�DUH�SRVLWLRQHG� LQWR� WKHLU� UHODWLYH�SODFHV��&DUH�PXVW�EH�

WDNHQ�ZKHQ�PHDVXULQJ�WKH�GLVWDQFHV�EHWZHHQ�SKDVH�FHQWUHV�VLQFH�WKH�SKDVH�FHQWUH�RI�DQ�DQWHQQD�

FDQ�SRVVLEO\�EH�PRYHG�ZKHQ�LQ�WKH�SUHVHQFH�RI�WKH�RWKHU���

)RU�DQWHQQDV�VXFK�DV�KRUQV�DQG�GLSROHV��ILQGLQJ�WKH�SKDVH�FHQWUH�LV�VLPSOH�VLQFH�LW�LV�WKH�SRLQW�DW�

ZKLFK� WKH� SKDVH� LV� FRQVWDQW� DW� HYHU\� DQJXODU� SRLQW� LQ� D]LPXWK�� ,Q� UHDO� WHUPLQDO� DQWHQQDV�� WKHLU�

VWUXFWXUH�GRHV�QRW�DOORZ�WKHP�WR�KDYH�D�FRQVWDQW�SKDVH�DW�DQ\�SRLQW�VLQFH�RIWHQ�WKH�JURXQG�SODQH�LV�

XVHG�ZLWK�DQ�LUUHJXODU�FXUUHQW�GLVWULEXWLRQ��,Q�VXFK�FDVHV�WKH�SKDVH�FHQWUH�LV�QRUPDOO\�GHILQHG�DV�

WKH�SRVLWLRQ�ZKHUH�WKH�SKDVH�LV�PRGHUDWHO\�FRQVWDQW�HVSHFLDOO\�ZLWKLQ�WKH�PDLQ�OREHV�RI�WKH�ILHOG�

SDWWHUQ�>%DO��@��7KHUHIRUH� WKH�SKDVH�FHQWUH�ZLOO�EH�GHWHUPLQHG�E\� WKLV�SRVLWLRQ��7KH�SRVLWLRQ�RI�

WKH�DQWHQQD�PXVW�DOVR�EH�QRWHG�VR�WKDW�WKH�KRUL]RQWDO�VSDFLQJ��G��WKH�YHUWLFDO�VSDFLQJ��K��DQG�WKHLU�

UHODWLYH�DUJXPHQW��dq��FDQ�EH�TXDQWLILHG��

���� (YDOXDWLQJ�$QJXODU�&RUUHODWLRQ�

+DYLQJ� IRXQG� WKH� SKDVH� FHQWUHV� RI� WKH� WZR� DQWHQQDV� IRU� WKH� VSDWLDO� FRUUHODWLRQ�� WKH� WKUHH�

GLPHQVLRQDO�DPSOLWXGH�SDWWHUQV�FDQ�EH�PHDVXUHG�RU�VLPXODWHG�DW�WKH�SKDVH�FHQWUHV�WR�HYDOXDWH�WKH�

DQJXODU� FRUUHODWLRQ�� )RU� VXLWDEOH� UHVROXWLRQ� DQG� DFFXUDF\�� SDWWHUQ� FXWV� LQ� ��R� VWHSV� FDQ� EH� XVHG�

>6XOR��@�VR�WKDW�HTXDWLRQ��������FDQ�EH�HYDOXDWHG�LQ�GLVFUHWH�IRUP�DV�LQ�HTXDWLRQ�������NQRZLQJ�

WKH�67�PDWUL[��

&RUUHFWO\�SRVLWLRQLQJ� WKH�DQWHQQDV�DW� WKHLU�DSSURSULDWH�SKDVH�FHQWUHV�FDQ�EH�GLIILFXOW� VLQFH�RQFH�

WKH� ILUVW� DQWHQQD� KDV� EHHQ� PHDVXUHG� RU� VLPXODWHG�� WKH� PRELOH� WHUPLQDO� KDV� WR� EH� FDUHIXOO\�

UHSRVLWLRQHG� VR� WKDW� LW� LV� DW� WKH� SKDVH� FHQWUH� RI� WKH� VHFRQG� DQWHQQD�� )XUWKHU� WR� WKLV�� WKH� VHFRQG�

DQWHQQD�VWLOO�QHHGV�WR�EH�PHDVXUHG�RU�VLPXODWHG�ZKHQ�WKH�ILUVW�DQWHQQD�LV�DW�LWV�SKDVH�FHQWUH�VR�DV�

WR� HYDOXDWH� WKH� RYHUDOO� FRUUHODWLRQ�� 7KHUHIRUH� WKUHH� IXOO� WKUHH�GLPHQVLRQDO� SDWWHUQV� KDYH� WR� EH�

PHDVXUHG�RU�VLPXODWHG��ZKLFK�LV�WLPH�FRQVXPLQJ��$QRWKHU�PHWKRG�FDQ�HDVH�WKLV�SUREOHP�E\�RQO\�

KDYLQJ� WR� HYDOXDWH� WZR� WKUHH�GLPHQVLRQDO� SDWWHUQV��)LUVW� RI� DOO�� WKH� ILUVW� DQWHQQD� LV�PHDVXUHG�RU�

VLPXODWHG�DW�LWV�SKDVH�FHQWUH�ZKLOVW�WKH�VHFRQG�DQWHQQD�WHUPLQDWHG�ZLWK�D���W�ORDG�WR�REWDLQ�WKH�

ILHOG�SDWWHUQ�� ( )fq ��$ �>9@��)ROORZLQJ�WKLV��WKH�IHHG�FDQ�EH�PRYHG�RYHU�WR�WKH�VHFRQG�DQWHQQD�DQG�

VZDSSHG�ZLWK�WKH���W�ORDG�WR�PHDVXUH�RU�VLPXODWH�LWV�ILHOG�SDWWHUQ�ZKLOH�WKH�ILUVW�DQWHQQD�LV�VWLOO�DW�
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LWV�SKDVH�FHQWUH��7KLV�ILHOG�SDWWHUQ�FDQ�EH�JLYHQ�WKH�QRWDWLRQ� ( )fq ��$$ � >9@��7KHUHIRUH� ( )fq ��$ �

ZRXOG� EH� FRUUHODWHG� ZLWK� ( )fq ��$$ � LQ� RUGHU� WR� REWDLQ� WKH� RYHUDOO� FRPSOH[� FRUUHODWLRQ� RI� WKH�

DQWHQQDV���
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7R� REWDLQ� WKH� DQJXODU� FRUUHODWLRQ�� WKH� FRPSOH[� SKDVRU� XVHG� WR� GHULYH� VSDWLDO� FRUUHODWLRQ� LQ�

HTXDWLRQ��������FDQ�EH�DSSOLHG�WR�UHPRYH�WKH�VSDWLDO�SKDVH�GHOD\�LQKHUHQW�LQ� ( )fq ��$$ ��7KHUHIRUH�

LI� WKLV� SKDVH� GHOD\� LV� UHPRYHG� WKHQ� ( )fq ��$$ � EHFRPHV� ( )fq ��$ � DV� LI� LW� ZDV� PHDVXUHG� RU�

VLPXODWHG�DW�LWV�RZQ�SKDVH�FHQWUH��7KHUHIRUH��

( ) ( ) ( ) ( ) ffdqqbfqfq VLQVJQVLQ

��

��

�� ++-= KGM

$ H$$ � ������

7KLV�FDQ� WKHUHIRUH�EH�DSSOLHG� WR�ERWK�SRODULVDWLRQV��$q�DQG�$f�� VR� WKDW� WKH�DQJXODU�FRUUHODWLRQ� LV�

VLPSOLILHG�WR�RQO\�QHHGLQJ�WZR�WKUHH�GLPHQVLRQDO�SDWWHUQ�PHDVXUHPHQWV��

���� (YDOXDWLQJ�3RODULVDWLRQ�&RUUHODWLRQ�

+DYLQJ�HYDOXDWHG� WKH�DQJXODU� ILHOG�SDWWHUQV�� ( )fq ��$ �DQG� ( )fq ��$ �� IRU�ERWK�SRODULVDWLRQV�� WKH\�

FDQ� EH� XVHG� WR� OLNHZLVH� HYDOXDWH� WKH� UHODWLYH� SRODULVDWLRQV� DW� HDFK� DQJOH� RI� WKH� DQWHQQDV� DQG�

WKHUHIRUH� GHWHUPLQH� WKH� SRODULVDWLRQ� FRUUHODWLRQ�� $V� GLVFXVVHG� LQ� WKH� SUHYLRXV� FKDSWHU�� WKH�

SRODULVDWLRQ�GLYHUVLW\�RI�DQ�DQWHQQD�FDQ�RQO\�EH�HYDOXDWHG�LQ�WHUPV�RI�(q�DQG�(f�SRODULVDWLRQV�VLQFH�

WKH� LQFLGHQW� ILHOGV� FDQ� VWLOO� HQFRXQWHU� (q� FRPSRQHQWV� HYHQ� ZKHQ� WKH� DQWHQQD� LV� KRUL]RQWDOO\�

RULHQWDWHG� �H�J��D�KRUL]RQWDO�GLSROH���7KHUHIRUH� WKHVH�SRODULVDWLRQV�DUH� VWULFWO\�GLIIHUHQW� IURP� WKH�

YHUWLFDO�DQG�KRUL]RQWDO�SRODULVDWLRQV��([�DQG�(\��LQ�D�IDGLQJ�HQYLURQPHQW��

)LJXUH�����VKRZV� WKH�SRODULVDWLRQV�RI�DQ�DQWHQQD�EHLQJ�PHDVXUHG�RU� VLPXODWHG�DW�D� IL[HG�DQJOH��

7KH�SRODULVDWLRQV� UHODWLYH� WR�HDFK�RWKHU�FDQ�EH�GHWHUPLQHG�E\� WKH�DEVROXWH�YDOXHV�RI�(q� DQG�(f��

&RUUHODWLRQ�FDQ�EH� HYDOXDWHG�EDVHG�RQ� WKH�DYHUDJLQJ�RI� WKH� UHODWLYH�SRODULVDWLRQV�DW� HDFK� DQJOH��

7KLV�ZLOO�\LHOG� VLJQLILFDQWO\�GLIIHUHQW� UHVXOWV� WR� WKDW�RI� WKH�SRODULVDWLRQ�FRUUHODWLRQ�RI� WKH� IDGLQJ�

HQYLURQPHQW�GLVFXVVHG�LQ�FKDSWHU����3KDVH�KDV�QR�FRQVLGHUDWLRQ�DV�IDU�DV�UHODWLYH�SRODULVDWLRQ�RI�
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WKH�DQWHQQDV�LV�FRQFHUQHG�VR�WKHUHIRUH�WKH�UHDFWLYH��RU�ORVVOHVV��LPSHGDQFH�HIIHFWV�GR�QRW�QHHG�WR�

EH�WDNHQ�LQWR�DFFRXQW�DV�LV�WKH�FDVH�ZLWK�DQJXODU�GLYHUVLW\��

�
�
�
�
�
�
�

��

fq $$ + �

]�

[�

\�

q�

f�

$QWHQQD� _$q_�

_$f_�

�

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�UHODWLYH�SRODULVDWLRQV�GHWHUPLQHG�IURP�WKH�(�ILHOGV�RI�WKH�DQWHQQDV�

5HODWLYH�SRODULVDWLRQ�LV�GHILQHG�DV�WKH�SURSRUWLRQ�RI�WRWDO�ILHOG�VWUHQJWK�PDJQLWXGH�LQ�WKH�$q�DQG�$f�

FDVHV�� 5HIHUULQJ� WR� )LJXUH� ����� WKH� WRWDO� DPSOLWXGH� LQ� DQ\� JLYHQ� GLUHFWLRQ� LV� GHULYHG� E\� XVLQJ�

3\WKDJRUDV¶� WKHRUHP�� 7KH� SURSRUWLRQ� RI� _$q_� LV� WKHUHIRUH� GHULYHG� DV� D� UDWLR� RI� _$q_� WR� WKH� WRWDO�

DPSOLWXGH��7KHUHIRUH� LW�ZLOO� EH�XQLW\�ZKHQ� WKHUH� LV� RQO\� DQ� _$q_� FRPSRQHQW� DQG� ]HUR� LI� WKHUH� LV�

QRQH�� 7KH� VDPH� LV� WUXH� IRU� _$f_� LQ� YLFH� YHUVD�� 7KHUHIRUH�� WKH�(�ILHOGV� DUH� WKHUHIRUH� GHULYHG� DV�

IROORZV�LQ�WHUPV�RI�UHODWLYH�SRODULVDWLRQV�LQ�OLQHDU�IRUP��
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7KH� SRODULVDWLRQV� IRU�(q� DQG�(f� ILHOGV� FDQ� EH� VXEVWLWXWHG� LQWR� HTXDWLRQ� ������ DQG� H[SUHVVHG� LQ�

GLVFUHWH� IRUP� IRU� HYDOXDWLRQ�SXUSRVHV�DV� VKRZQ� LQ�HTXDWLRQ� �������7KLV� FDQ�EH�XVHG� WR�FRPSDUH�

ZKHWKHU�WKH�WZR�DQWHQQDV�KDYH�VLPLODU�(q�DQG�(f�SRODULVDWLRQV�RU�QRW��,I�WKHUH�LV�ORZ�FRUUHODWLRQ��LW�

FDQ� LQGLFDWH� WR� WKH�GHVLJQHU� WKDW� WKHUH� LV� VLJQLILFDQW�SRODULVDWLRQ�FRQWULEXWLRQ�ZLWKLQ� WKH�DQJXODU�

FRUUHODWLRQ��
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8VLQJ�WKH�WKUHH�GLPHQVLRQDO�JDLQ�SDWWHUQV�DW�WKH�SKDVH�FHQWUHV��HTXDWLRQ��������FDQ�EH�HYDOXDWHG�LQ�

GLVFUHWH� IRUP�DV�VKRZQ� LQ�HTXDWLRQ� ������DQG�XVHG� WR�GHULYH� WKH�EUDQFK�SRZHU� UDWLR��N�� DQG�DQ\�

HIILFLHQF\�ORVV��/��,W�PXVW�EH�QRWHG�WKDW�ZKHQ�WKH�WZR�DQWHQQDV�DUH�LQ�WKH�SUHVHQFH�RI�HDFK�RWKHU�

WKH\� FRXOG� DIIHFW� WKHLU� UHVSHFWLYH�PHDQ� HIIHFWLYH� JDLQV� �0(*V�� DQG� EHFRPH� D� GLVDGYDQWDJH� WR�

GLYHUVLW\��$Q� H[DPSOH� RI� WKLV� KDV� DOUHDG\� EHHQ� VHHQ� LQ� VHFWLRQ� �����ZKHUH� WZR� FORVHO\� VSDFHG�

PRQRSROHV�KDYH�D�ORVV�LQ�0(*�RI�XS�WR��G%�ZKHQ�VSDFHG�OHVV�WKDQ�����ZDYHOHQJWKV�DSDUW��7KLV�LV�

DQ� H[DPSOH� RI� KRZ� FORVHO\� VSDFHG� PRQRSROHV� PD\� KDYH� LPSURYHG� DQJXODU� GLYHUVLW\� EXW� WKLV�

FRPHV� DW� WKH� H[SHQVH� RI� ORVLQJ� HIILFLHQF\�� 7KHUHIRUH� D� FRPSURPLVH� LV� QHFHVVDU\� WR� REWDLQ�

RSWLPXP�RXWSXW�V\VWHP�JDLQ��
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���� ,QWHUSUHWDWLRQ�RI�&RUUHODWLRQV�

7KH�PHWKRGV�XVHG�IRU�GHULYLQJ�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�KDYH�EHHQ�SUHVHQWHG�WR�

WKLV�SRLQW� DOWKRXJK� WKH\�KDYH�QR� VLJQLILFDQFH�XQOHVV� WKHLU�PHDQLQJV�DUH� FRUUHFWO\� LQWHUSUHWHG� VR�
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WKDW� WKH� GHVLJQHU� FDQ� GHWHUPLQH� KRZ� WKH� WKUHH� FRUUHODWLRQV� DIIHFW� WKH� RYHUDOO� FRUUHODWLRQ� DQG�

OLNHZLVH� FRQWULEXWH� WR� GLYHUVLW\�� 7KLV� VHFWLRQ� ZLOO� WKHUHIRUH� SUHVHQW� UHVXOWV� IURP� VLPXODWLRQV�

XQGHUWDNHQ�WR�LOOXVWUDWH�KRZ�WKH�WKUHH�FRUUHODWLRQV�LQWHUDFW�EDVHG�RQ�WKH�SURSRVHG�DQJOH�RI�DUULYDO�

PRGHO��

������ +RUL]RQWDO� VSDWLDO� FRUUHODWLRQ� LQWHJUDWHG� ZLWK� DQJXODU� FRUUHODWLRQ� LQ�

D]LPXWK�

7R� EHJLQ�ZLWK�� WKH� DQWHQQD�PRGHO� XVHG� IRU� WKLV� DQDO\VLV� LV� SUHVHQWHG� LQ� )LJXUH� ����ZKHUH� WZR�

YHUWLFDOO\�SRODULVHG� LVRWURSHV�DUH�PDQLSXODWHG� LQ�D�ZD\� WKDW� WKH� VSDWLDO� DQG� DQJXODU� FRUUHODWLRQV�

FDQ� EH� FKDQJHG� LQGHSHQGHQWO\� RI� HDFK� RWKHU�� /RRNLQJ� DW� WKH� SODQ� YLHZ� LQ� )LJXUH� ����� WKHUH� LV�

KRUL]RQWDO� VSDFLQJ��G��ZKLFK� FDQ�EH� DGMXVWHG� WR� FKDQJH� WKH� VSDWLDO� FRUUHODWLRQ� DV�QHFHVVDU\� DQG�

PDGH�]HUR�WR�UHPRYH�LW��$QJXODU�FRUUHODWLRQ�LV�DGMXVWHG�E\�YDU\LQJ�WKH�DQJOHV�y��df��DQG�df���%RWK�

DQWHQQDV�KDYH�DOZD\V�KDYH�WKH�VDPH�VHFWRU�VL]H��y��UHPRYHG�DW�DQ\�RQH�WLPH��7KH�VHFWRUV�LQ�WKH�

WZR� DQWHQQDV� FDQ� EH� RIIVHW� GLIIHUHQWO\� E\� DQJOHV� df�� DQG� df�� UHVSHFWLYHO\�� 7KLV� DOORZV� WKH�

SRVVLELOLW\� RI�PDQ\� FRPELQDWLRQV� RI� VSDWLDO� DQG� DQJXODU� FRUUHODWLRQ� IRU� DQDO\VLV��:KDWHYHU� WKH�

VHFWRU�VL]H��WKH�SKDVH�SDWWHUQ�LV��R�DQG�WKH�PDJQLWXGH�LV�DOZD\V�XQLW\�ZKHUH�WKHUH�LV�QR�VHFWRU�FXW�

DZD\��)RU�HYDOXDWLQJ�FRUUHODWLRQ��WKH�PDJQLWXGH�GRHV�QRW�QHHG�WR�EH�QRUPDOLVHG�DFFRUGLQJ�WR�WKH�

VHFWRU�VL]H��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�DQWHQQD�SDWWHUQV�XVHG�LQ�WKLV�VHFWLRQ�DUH�LGHDOLVHG�DQG�

QRW�QHFHVVDULO\�UHDOLVDEOH��+RZHYHU��WKH\�DUH�FKRVHQ�DV�H[DPSOHV�RI�W\SLFDO�DQWHQQD�SDWWHUQV�XVHG�

DW� WKH�PRELOH� WHUPLQDO� VR� WKH� GHVLJQHU� FDQ� H[WUDSRODWH� IURP� WKH� UHVXOWV� WR� GHWHUPLQH� KRZ� WKHLU�

SDUWLFXODU�GHVLJQ�ZLOO�KDYH�RSWLPXP�GH�FRUUHODWLRQ��0(*�DQG�UHVXOWLQJ�V\VWHP�JDLQ��

�

G�

df��

y�

df�� ���KHUH�
y���

y���

�

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�SODQ�YLHZ�RI�WKH�DQWHQQD�PRGHO�XVHG�
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7KH� ILUVW� VHW� RI� UHVXOWV� LQ� )LJXUH� ���� VKRZ� KRZ� DQJXODU� FRUUHODWLRQ� LQWHJUDWHV� ZLWK� VSDWLDO�

FRUUHODWLRQ�LQ�WKH�FDVH�RI�D� ODUJH�RYHUODS�RI� WKH�WZR�DQWHQQD�SDWWHUQV��7KH�YDU\LQJ�DQJOH�LV�y� LQ�

WKLV�FDVH�DQG�LV�RQ�WKH�\�D[LV�RI�WKH�PHVK�SORWV��7KH�VSDWLDO�GLVWDQFH��G��LV�SORWWHG�RQ�WKH�[�D[LV�DQG�

WKH�UHVXOWLQJ�FRPSOH[�FRUUHODWLRQ�PDJQLWXGH�RQ�WKH�]�D[LV��7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�WKUHH�

PHVK�SORWV�LV�WKDW�WKH�DQJOH��df���LV�DGMXVWHG�ZKLFK�GRHV�KDYH�VRPH�LPSDFW�RQ�WKH�UHVXOWV�ZKHQ�G�LV�

QRQ�]HUR�DV�FDQ�EH�VHHQ�IURP�FRPSDULQJ�)LJXUH������D����E��DQG��F���,W�LV�LPSRUWDQW�WR�QRWH�DW�WKLV�

SRLQW�WKDW�DQJXODU�FRUUHODWLRQ�DQG�WKH�VSDWLDO�FRUUHODWLRQ�FRXOG�EH�SODFHG�RQ�WKH�[�DQG�\�D[LV�WR�WU\�

DQG�ILQG�D�OLQN�EHWZHHQ�WKH�DQJXODU�DQG�VSDWLDO�FRUUHODWLRQ��+RZHYHU��WKHUH�DUH�FDVHV�ZKHUH�WKLV�

GRHV�FDXVH�DPELJXLW\�VLQFH� WKHUH�DUH�FDVHV�ZKHUH� WKH�DQJXODU�DQG�VSDWLDO�FRUUHODWLRQ�YDOXHV�FDQ�

\LHOG�WZR�GLIIHUHQW�UHVXOWLQJ�IRU�RYHUDOO�FRUUHODWLRQ�YDOXHV��7KHUHIRUH�� WKH�PHVK�SORW�ZRXOG�KDYH�

WZR�OD\HUV�LQ�VRPH�SODFHV��

7KH�VSDWLDO�FRUUHODWLRQ�FDQ�EH�QRWHG�IURP�WKH�FXUYH�ZKHUH�y� ��R�DQG�WKH�DQJXODU�FRUUHODWLRQ�FDQ�

EH� QRWHG� IURP� WKH� FXUYH� YHUVXV�y� ZKHUH� G�  � �l� WR� VHH� WKH� LQWHUDFWLRQ� RI� VSDWLDO� DQG� DQJXODU�

FRUUHODWLRQ��&OHDU� LQGLFDWLRQV� DUH� VKRZQ� IURP�)LJXUH� ���� LQ� DOO� WKUHH� FDVHV� WKDW� DURXQG�G�  � �l�

YDU\LQJ�DQJXODU�FRUUHODWLRQ�ZLOO�LQFUHDVH�WKH�VSDWLDO�FRUUHODWLRQ�LQ�VRPH�FDVHV�DQG�LQ�RWKHU�FDVHV�

GHFUHDVH� LW�� $OVR� LQ� )LJXUH� ���� LW� FDQ� EH� VHHQ� WKDW� WKH� VDPH� DQJXODU� FRUUHODWLRQ� IURP� GLIIHUHQW�

DQWHQQD�RULHQWDWLRQV�ZLOO�FKDQJH�WKH�VSDWLDO�FRUUHODWLRQ�GLIIHUHQWO\��2WKHUZLVH��DOO�WKUHH�PHVK�SORWV�

ZRXOG�KDYH�OLWWOH�GLIIHUHQFH��$Q�LPSRUWDQW�SRLQW�WR�QRWH�LV�WKDW�WKH�DQJXODU�FRUUHODWLRQ�JRHV�WR�]HUR�

LQ�)LJXUH������D��RQO\�VLQFH� WKLV� LV� WKH�RQO\�FDVH�ZKHUH� WKH�DQWHQQD�SDWWHUQV�KDYH�QR�RYHUODS� WR�

PDNH�WKLV�SRVVLEOH��$QJXODU�FRUUHODWLRQ�LQ�WKLV�FDVH�LV�WKHUHIRUH�D�PHDVXUH�RI�KRZ�PXFK�RYHUODS�

WKHUH�LV�EHWZHHQ�WKH�WZR�DQWHQQD�SDWWHUQV�EXW�WKLV�LV�QRW�WUXH�LQ�RWKHU�FDVHV�DV�ZLOO�EH�VHHQ��)LQDOO\�

LW� PXVW� EH� QRWHG� WKDW� WKH� PDJQLWXGH� RI� WKH� FRUUHODWLRQ� LV� SORWWHG� ZKLFK� GRHV� KDYH� LPDJLQDU\�

FRPSRQHQWV�ZKHQ�WKH�VSDFLQJ�LV�QRQ�]HUR��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�DQJXODU�SDWWHUQV�ZLOO�DGG�

XS�WKH�UHDO�DQG�LPDJLQDU\�SDUWV�GLIIHUHQWO\�DQG�VR�WKH�UHVXOWDQW�VLJQDOV�DW�WKH�WZR�DQWHQQD�EUDQFKHV�

KDYH�D�SKDVH�VKLIW�EHWZHHQ�WKHP�ZKHQ�WKH\�DUH�FRPSDUHG��

�
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�

� ��

�

�

�D��df�� �df�� ��
R�

�

�E��df�� ���
R�df�� ��

R�

�

�F��df�� ���
R�df�� ��

R�

�

G�

y� ���±������
df�� ��R����R����R�

�

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�D�ODUJH�RYHUODS�

)LJXUH�����SUHVHQWV� WKH� UHVXOWV� LQ� WKH� VDPH�ZD\� DV� LQ�)LJXUH�����ZLWK� DGMXVWPHQWV� WR�PDNH� WKH�

DQWHQQDV�VHPL�GLUHFWLYH��7KLV�WLPH��df���LV�WKH�YDU\LQJ�DQJOH�ZLWK�y�IL[HG�WR����R�DQG�df��IL[HG�DW�

�R�� ���R� DQG� ���R��$V� FDQ�EH� VHHQ�df�� LV� QRUPDOLVHG� UHODWLYH� WR�df�� LQ� HDFK� FDVH� IURP�±���
R� WR�

����R��L�H��WKH�UHJLRQ�ZKHUH�WKH�DQWHQQDV�RYHUODS��DQG�)LJXUH������D��LV�V\PPHWULFDO�DURXQG�df����

���� �� df��  � �
R� ZKHUH� DV� WKH� RWKHUV� DUH� QRW� VLQFH� WKH� UHDO� DQG� LPDJLQDU\� SDUWV� RI� WKH� VSDWLDO�

FRPSRQHQWV�GR�QRW�DGG�XS�WR�WKH�VDPH�YDOXH�ZKHQ�WKH�V\PPHWULFDOO\�RSSRVLWH�DQJOH�LV�XVHG��,W�LV�

DJDLQ�TXLWH�FOHDU�IURP�FRPSDULVRQV�RI�)LJXUH������D����E��DQG��F��WKDW�WKH�VDPH�DQJXODU�FRUUHODWLRQ�

LQ�WKH�WKUHH�FDVHV�HIIHFWV�WKH�VSDWLDO�FRUUHODWLRQ�GLIIHUHQWO\��

)LJXUH�����SUHVHQWV� WKH�VDPH�UHVXOWV�DV�)LJXUH�����RQO\� WKH�VHFWRU� VL]H��y�� LV� LQFUHDVHG� WR����R��

7KHUHIRUH�LQ�WKLV�FDVH�WKH�DQWHQQDV�DUH�PRUH�GLUHFWLYH�DQG�df��QHHGV�WR�RQO\�UDQJH�IURP�±��
R�WR�

���R�ZKHQ�UHODWLYH�WR�df���7KH�QDWXUH�RI�WKH�UHVXOWV�DUH�PXFK�WKH�VDPH�DV�WKRVH�LQ�)LJXUH�����RQO\�

DQJXODU�FRUUHODWLRQ�GHFUHDVHV�PRUH�UDSLGO\�VLQFH�WKH�DQWHQQDV�DUH�PRUH�GLUHFWLYH��

G�l��

y�R��

_r��_�

G�l��

G�l��

y�R��

y�R��

_r��_�

_r��_�
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� ��

�

�

�D��df�� ��
R�y� ����R 

�

�E��df�� ����
R�y� ����R�

�

�F��df�� ����
R�y� ����R�

�

G�

df�� ��R�����R�����R�

df����������df��
�

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�VHPL�GLUHFWLYH�SDWWHUQV�

G�l��

G�l��

G�l��

_r��_� _r��_�

_r��_�

df����������df��df����������df��

df����������df��
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�

� ��

�

�

�D��df�� ��
R�y� ����R�

�

�E��df�� ����
R�y� ����R�

�

�F��df�� ����
R�y� ����R�

�

G�

df�� ��R�����R�����R�

df����������df��
�

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�GLUHFWLYH�SDWWHUQV�

)LQDOO\�� )LJXUH� ���� VKRZV� WKH� LQWHUDFWLRQ� RI� DQ� RPQL� GLUHFWLRQDO� DQWHQQD�ZLWK� D� VHPL� GLUHFWLYH�

DQWHQQD��)LJXUH������D��DQG��F���DQG�D�GLUHFWLYH�DQWHQQD��)LJXUH������E��DQG��G����,Q�WKLV�FDVH��df��

UHPDLQV�]HUR�DQG�RQO\�df��FKDQJHV�LQ�HLWKHU�FDVH��$QJOH�y�RQO\�DSSOLHV�WR�WKH�VHFRQG�DQWHQQD�LQ�

WKLV� VLWXDWLRQ� EHLQJ� ���R� LQ� WKH� ILUVW� FDVH� DQG� ���R� LQ� WKH� RWKHU��9DU\LQJ�df�� GRHV�PDNH� VRPH�

GLIIHUHQFH� WR� WKH� RYHUDOO� FRUUHODWLRQ�� 7KHUHIRUH�� VLPLODU� WR� WKDW� RI� WZR� GLUHFWLRQDO� DQWHQQDV�� WKH�

FRUUHODWLRQ� ZLOO� LQFUHDVH� RU� GHFUHDVH� GHSHQGLQJ� RQ� WKH� GLUHFWLRQ� WKDW� WKH� GLUHFWLYH� DQWHQQD� LV�

SRLQWLQJ�LQ��$�ILQDO�SRLQW�WR�QRWH�KHUH�LV�WKDW�LQ�WKLV�VFHQDULR��DQJXODU�FRUUHODWLRQ�LV�QRW�D�PHDVXUH�

RI�RYHUODS��

_r��_�_r��_�

G�l�� G�l��

_r��_�

G�l��

df����������df�� df����������df��

df����������df��
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� ��

�

�D��

�

�E��

�

G�

df��
�

�F��y� ����R�

�

G�

df��
�

�G��y� ����R�

)LJXUH�����,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�

DQG�D�VHPL�GLUHFWLYH�DQWHQQD���D��DQG��F����DQG�D�GLUHFWLRQDO�DQWHQQD���E��DQG��G���

+DYLQJ�SUHVHQWHG�WKH�UHVXOWV�RI�GLIIHUHQW�VFHQDULRV�IRU�DQJXODU�DQG�VSDWLDO�GLYHUVLW\��LW�FDQ�EH�VHHQ�

WKDW�NQRZOHGJH�RI�WKH�DQJXODU�DQG�VSDWLDO�FRUUHODWLRQ�DORQH�LV�QRW�VXIILFLHQW�HQRXJK�WR�GHWHUPLQH�

KRZ�WKH\�DIIHFW�WKH�RYHUDOO�FRUUHODWLRQ��.QRZOHGJH�RI�WKH�GLVWDQFH�EHWZHHQ�WKH�DQWHQQDV�DQG�WKH�

DQWHQQD�SDWWHUQV� LV� UHTXLUHG� WR�JLYH�DSSURSULDWH�FRPPHQW��)LJXUH�����VKRZV�D�VHW�RI�FRUUHODWLRQ�

FXUYHV�WDNHQ�IURP�)LJXUH�����WKDW�LOOXVWUDWH�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ��������IURP�GLIIHUHQW�

DQWHQQD�FRQILJXUDWLRQV�XVHG�LQ�WKH�UHVXOWV�DIIHFWV�WKH�VSDWLDO�FRUUHODWLRQ�GLIIHUHQWO\��

_r��_�

G�l�� df���

_r��_�

G�l�� df���
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���

���

���

���

���

���

�

� ��� � ��� �
G ��:DYHOHQJWKV�

_

r

�
�
_

dq1 = 0 dq2 = 0 y = 90

dq1 = 0 dq2 = 45 y = 90

dq1 = 0 dq2 = 90 y = 90

dq1 = 0 dq2 = 0 y = 0

df �� ��
R� df 2 = 0o y  = 90o

df �� ��
R� df 2 = 45o y  = 90o

df �� ��
R� df 2 = 90o y  = 90o

df �� ��
R� df 2 = 0o y  = 0o �L�H��6SDWLDO�&RUUHODWLRQ�

�

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VPDOO�GLUHFWLRQDOLW\�

7KH�VDPH�ZDV�FDUULHG�RXW�WDNLQJ�UHVXOWV�IURP�)LJXUH�����DQG�)LJXUH�����LQ�)LJXUH�����DQG�)LJXUH�

���� UHVSHFWLYHO\� ZKHUH� DJDLQ� WKH� VDPH� DQJXODU� FRUUHODWLRQ� DIIHFWV� WKH� VSDWLDO� FRUUHODWLRQ�

GLIIHUHQWO\��

�

���

���

���

���

���

���

���

���

���

�

� ��� � ��� �
G ��:DYHOHQJWKV�

_ r

�
�

_

dq1 = -60 dq2 = -60 y = 180
dq1 = -60 dq2 = -180 y = 180, dq1 = 0 dq2 = -120 y = 180
dq1 = -30 dq2 = -90 y = 180
dq1 = -30 dq2 = -210 y = 180
dq1 = 0 dq2 = 0 y = 0

df �� ����
R�df 2 = -60o y  = 180o

df �� ����
R�df 2 = -180o y  = 180o��df 1 = 0o df 2 = -120o y  = 180o 

df �� ����
R�df 2 = -210o y  = 180o

df �� ��
R�df 2 = 0o y  = 0o��L�H��6SDWLDO�&RUUHODWLRQ�

df �� ����
R�df 2 = -90o y  = 180o, df �� ����

R�df 2 = -30o y  = 180o

�

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VHPL�GLUHFWLRQDOLW\�
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���

���

���

���

���
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_ r

�
�

_

dq1 = -60 dq2 = -90 y = 270

dq1 = -60 dq2 = -150 y = 270, dq1 = -30 dq2 = -120 y = 270

dq1 = -30 dq2 = -180 y = 270, dq1 = 0 dq2 = -150 y = 270

dq1 = 0 dq2 = 0 y = 0

df �� ����
R� df 2 = -150o y  = 270o��df 1 = -30o df 2 = -120o y  = 270o 

df �� ����
R� df 2 = -90o y  = 270o,

df �� ��
R� df 2 = 0o y  = 0o �L�H��6SDWLDO�&RUUHODWLRQ�

df �� ����
R� df 2 = -180o y  = 270o��df 1 = 0o df 2 = -150o y  = 270o 

df �� ����
R� df 2 = -60o y  = 270o

�

)LJXUH�����&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�KLJK�GLUHFWLRQDOLW\�

)RU�WKH�RPQL�GLUHFWLRQDO�DQWHQQD�ZLWK�GLUHFWLRQDO�DQWHQQD�FDVH��WKH�UHVXOWV�IURP�)LJXUH������D��DUH�

SORWWHG�LQ�)LJXUH������DQG�UHVXOWV�IURP�)LJXUH������E��DUH�SORWWHG�LQ�)LJXUH�������

�

���

���

���

���

���

���

���

���

���

�

� ��� � ��� �
G ��:DYHOHQJWKV�

_ r

�
�

_

�
��
��
��
6HULHV�

dq �� ����
R

dq �� ����
R

dq �� ����
R

dq �� ���
R

6SDWLDO

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�RQH�RPQL�GLUHFWLRQDO�DQG�RQH�VHPL�GLUHFWLRQDO�

DQWHQQD�
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_ r

�
�

_
�

��

��

��

6HULHV�

dq �� ����
R

dq �� ����
R

dq 2� ����
R

dq �� ���
R

6SDWLDO

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�KRUL]RQWDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�RQH�RPQL�GLUHFWLRQDO�DQG�RQH�GLUHFWLRQDO�

DQWHQQD�

$QJXODU�FRUUHODWLRQ�KDV�YDU\LQJ�HIIHFWV�RQ�VSDWLDO�FRUUHODWLRQ�GHSHQGLQJ�RQ�WKH�GLUHFWLYLW\�RI�WKH�

DQWHQQDV�DQG�WKH�GLUHFWLRQV�WKDW�WKH\�DUH�SRLQWLQJ�LQ��,W�LV�WKHUHIRUH�QHFHVVDU\�IRU�WKH�GHVLJQHU�WR�

DQDO\VH�WKH�D]LPXWK�SDWWHUQV�DQG�GHWHUPLQH�ZKHWKHU�WKHUH�DUH�VLJQLILFDQW�DQJXODU�FRQWULEXWLRQV�IRU�

FORVHO\�VSDFHG�DQWHQQDV��)LJXUH�����LQGLFDWHV�WKDW�ZKHQ�DQWHQQDV�RI�ORZ�GLUHFWLRQDOLW\�DUH�PDLQO\�

UDGLDWLQJ� LQ� RSSRVLWH� GLUHFWLRQV�� WKHQ� WKHUH� ZLOO� EH� D� UDSLG� LQFUHDVH� RU� GHFUHDVH� LQ� FRUUHODWLRQ�

GHSHQGLQJ�RQ�WKH�VSDWLDO�GLVWDQFH��,I�WKH\�DUH�UDGLDWLQJ�RUWKRJRQDO�WR�HDFK�RWKHU�RU�FORVHU�WRJHWKHU��

WKHUH� LV� OHVV� UDSLG� FKDQJH� WR� WKH� VSDWLDO� FRUUHODWLRQ�� 6HPL� GLUHFWLYH� DQWHQQDV�� DV� LOOXVWUDWHG� LQ�

)LJXUH������FRQVLVW�RI����R�VHFWRU�RYHUODSV�EHWZHHQ�WKH�DQWHQQDV�DOWKRXJK�WKH\�SRLQW�LQ�GLIIHUHQW�

GLUHFWLRQV�� )URP� WKLV� DQDO\VLV��ZKHQ� WKH� ���R� VHFWRUV� DUH� SRLQWLQJ� FORVHU� WRZDUGV�f�  ����R� WKH�

FRUUHODWLRQ�LV�LQFUHDVHG�ZKHUH�DV�ZKHQ�WKH\�DUH�SRLQWLQJ�FORVHU�WRZDUGV�f� ��R�DQG�f� �����R�WKHQ�

WKH� FRUUHODWLRQ� GHFUHDVHV�� ,Q� DOO� FDVHV� WKH� DQJXODU� FRUUHODWLRQ� DQG� DQWHQQD� RYHUODS� LV� WKH� VDPH��

DOWKRXJK�WKH�VSDWLDO�FRUUHODWLRQ�LV�DIIHFWHG�GLIIHUHQWO\�LQ�HDFK�FDVH�GXH�WR�WKH�D]LPXWK�GLUHFWLRQ�WKH�

WZR�DQWHQQDV�DUH�SRLQWLQJ�LQ��

7KH�VDPH�SULQFLSOH�LV�WUXH�IRU���R�UDGLDWLQJ�DQWHQQDV�IURP�DQDO\VLV�RI�)LJXUH������WKLV�WLPH�WKRXJK�

LW�LV�D���R�RYHUODSSLQJ�VHFWRU��6LQFH�WKH�DQWHQQDV�DUH�PRUH�GLUHFWLRQDO�LQ�WKLV�FDVH��WKH�RYHUODSSLQJ�

UHJLRQ� LV�QDUURZHU�ZKLFK�PHDQV� LQ� WKH�JHQHUDO�FDVH� WKH�FRUUHODWLRQ�GHFUHDVHV� OHVV� UDSLGO\�ZKHQ�

FRPSDUHG�ZLWK�)LJXUH������
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/LNH�WKH�FDVH�RI�WZR�GLUHFWLRQDO�DQWHQQDV��WKH�RPQL�GLUHFWLRQDO�DQG�GLUHFWLRQDO�DQWHQQD�VFHQDULRV�

LQ�)LJXUH������DQG�)LJXUH������VKRZ�WKDW�WKH�HIIHFWV�RQ�RYHUDOO�FRUUHODWLRQ�DUH�GXH�WR�WKH�GLUHFWLRQ�

WKH� GLUHFWLYH� HOHPHQW� LV� SRLQWLQJ� LQ� VLPLODU� WR� WKDW� RI� WZR� GLUHFWLYH� HOHPHQWV�� ,I� WKH� DQWHQQD� LV�

SRLQWLQJ�WRZDUGV�f� ����R�WKHQ�WKH�FRUUHODWLRQ�LV�LQFUHDVHG�EXW�LI�LW�SRLQWV�WRZDUGV�f� ��R�RU����R�

WKHQ�WKH�FRUUHODWLRQ�UHGXFHV����

������ 9HUWLFDO� VSDWLDO� FRUUHODWLRQ� LQWHJUDWHG� ZLWK� DQJXODU� FRUUHODWLRQ� LQ�

HOHYDWLRQ�

7KH�SUHYLRXV�VHFWLRQ�SUHVHQWHG�DQDO\VLV�IRU�FDVHV�RI�KRUL]RQWDO�VSDFLQJ�RQO\��6LPLODU�DQDO\VLV�ZDV�

FDUULHG�RXW�IRU�YHUWLFDO�VSDFLQJ�RI�LVRWURSHV�VHSDUDWHG�E\�YHUWLFDO�GLVWDQFH�K��$OO�WKH�DQJOHV�VKRZQ�

LQ�)LJXUH�����DUH�DSSOLHG�WKH�VDPH�ZD\��KRZHYHU��GLVWDQFH�G�EHFRPHV�GLVWDQFH�K�DQG�DQJOHV�df��

DQG� df�� EHFRPH� dq�� DQG� dq�� UHVSHFWLYHO\�� 7KH� UHVXOWV� IURP� WKHVH� VLPXODWLRQV� DUH� SUHVHQWHG� LQ�

)LJXUH������IRU����R�VHFWRUV��)LJXUH������IRU���R�VHFWRUV�DQG�)LJXUH������IRU�RPQL�GLUHFWLRQDO�DQG�

GLUHFWLRQDO�DQWHQQDV��7KHLU�RXWFRPH�GLIIHUV�WR�WKH�KRUL]RQWDO�FDVH�GXH�WR�WKH�QRQ�XQLIRUP�DQJOH�RI�

DUULYDO�LQ�HOHYDWLRQ��)XUWKHU�WR�WKLV��WKH�DQJXODU�FRUUHODWLRQ�LV�QRW�D�PHDVXUH�RI�RYHUODS�EHWZHHQ�WKH�

DQWHQQDV�DIIHFWLQJ�WKH�UHVXOWV�GUDPDWLFDOO\��0RUH�VR��DQJXODU�FRUUHODWLRQ�LV�D�PHDVXUH�RI�RYHUODS�

ZLWKLQ� WKH�$2$� UHJLRQ��$QWHQQDV�ZLWK� ORZHU�GLUHFWLRQDOLW\�KDYH�QRW� EHHQ�SUHVHQWHG�KHUH� VLQFH�

WKH\�GR�QRW�SURGXFH�VLJQLILFDQW�UHVXOWV�ZLWKRXW�D�XQLIRUP�DQJOH�RI�DUULYDO��
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�

� ��

�

�

�D��dq�� ��
R�y� ����R�

�

�E��dq�� ���
R�y� ����R�

�

�F��dq�� ���
R�y� ����R�

�

�G��dq�� ���
R�y� ����R�

� �

K�
dq����������dq��

dq�� ��R����R����R����R�

�

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�VHPL�GLUHFWLYH�SDWWHUQV�

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��
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�

�

� ��

�

�D��dq�� ��
R�y� ����R�

�

�E��dq�� ���
R�y� ����R�

�

�F��dq�� ���
R�y� ����R�

�

�D��dq�� ���
R�y� ����R�

� �

K�

dq�� ��R����R����R����R�

dq����������dq��

�

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�ZLWK�WZR�GLUHFWLYH�SDWWHUQV�

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��

_r��_�

K�l�� dq����������dq��
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�

� ��

�

�D��y� ����R�

�

�E��y� ����R�

�

K�

dq��

�

�F��

�

K�

dq��

�

�G��

)LJXUH������,QWHUDFWLRQ�RI�DQJXODU�DQG�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�ZLWK�DQ�RPQL�GLUHFWLRQDO�

DQWHQQD�DQG�D�VHPL�GLUHFWLYH�DQWHQQD���D��DQG��F����DQG�D�GLUHFWLRQDO�DQWHQQD���E��DQG��G���

$JDLQ��JUDSKV�KDYH�EHHQ�SORWWHG�LQ�)LJXUH������DQG�)LJXUH������WR�LOOXVWUDWH�WKH�HIIHFWV�IURP�WKH�

VDPH�FRUUHODWLRQ�RQ�WKH�VSDWLDO�GLYHUVLW\�IRU����R�VHFWRUV�DQG����R�VHFWRUV�UHVSHFWLYHO\��)ROORZLQJ�

WKLV�JUDSKV�KDYH�EHHQ�SORWWHG�LQ�)LJXUH������DQG�)LJXUH������WR�LOOXVWUDWH�WKH�DQJXODU�FRUUHODWLRQ�

HIIHFWV�RQ�VSDWLDO�GLYHUVLW\�ZKHQ�WKHUH�LV�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�DQG�D����R�VHFWRU�DQG�D���R�

VHFWRU�UHVSHFWLYHO\��

_r��_�

K�l�� dq���

_r��_�

K�l�� dq���
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�

� ��

�

���

���

���

���

���

���

���

���

���

�

� ��� ��� ��� ��� � ��� ��� ��� ��� �
K ��:DYHOHQJWKV�

_ r

�
�

_

GT�� ������GT�� �����\� ����

GT�� �����GT�� �����\� ����

GT�� �����GT�� �����\� ����

GT�� �����GT�� ���\� ����

6SDWLDO

dq 1 = -30o, dq 2 = 160o, y  = 180o

dq 1 = -60o, dq 2 = -25o, y  = 180o

dq 1 = -90o, dq 2 = -180o, y  = 180o

dq 1 = 0o, dq 2 = -120o, y  = 180o

dq 1 = 0o, dq 2 = 0o, y  = 0o �L�H��6SDWLDO�&RUUHODWLRQ�

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�VHPL�GLUHFWLRQDOLW\�

�

���

���

���

���

���

���

���

���

���

�

� ��� ��� ��� ��� � ��� ��� ��� ��� �
K ��:DYHOHQJWKV�

_ r

�
�

_

GT�� �����GT�� �����\� ����

GT�� �����GT�� �����<� ����

GT�� �����GT�� �����<� ����

GT�� �����GT�� ������<� ����

6SDWLDO

dq 1 = 0o, dq 2 = -170o, y  = 270o

dq 1 = -30o, dq 2 = -90o, y  = 270o

dq 1 = -60o, dq 2 = -80o, y  = 270o

dq 1 = -90o, dq 2 = -65o, y  = 270o

dq 1 = 0o, dq 2 = 0o, y  = 0o��L�H��6SDWLDO�&RUUHODWLRQ�

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�KLJK�GLUHFWLRQDOLW\�
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�

�

� ��

�

���

���

���

���

���

���

���

���

���

�

� ��� � ��� �
K ��:DYHOHQJWKV�

_ r

�
�

_
��
��
6HULHV�

dq �� ����
R

dq �� ���
R

6SDWLDO

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�DQG�D�VHPL�

GLUHFWLRQDO�DQWHQQD�

�

���

���

���

���

���

���

���

���

���

�

� ��� � ��� �
K ��:DYHOHQJWKV�

_ r

�
�

_

��
��
6HULHV�

dq �� ����
R

dq �� ���
R

6SDWLDO

�

)LJXUH������&RPSDULVRQ�RI�KRZ�WKH�VDPH�DQJXODU�FRUUHODWLRQ�DIIHFWV�VSDWLDO�FRUUHODWLRQ�LQ�GLIIHUHQW�

VFHQDULRV�IRU�WKH�YHUWLFDOO\�VHSDUDWHG�DQWHQQDV�ZLWK�DQ�RPQL�GLUHFWLRQDO�DQWHQQD�DQG�D�GLUHFWLRQDO�

DQWHQQD�

$QDO\VLV�RI�)LJXUH������DQG�)LJXUH������VKRZV�WKDW�ZKHQ�WKH�RYHUODSSLQJ�SDUW�RI�WKH�WZR�VHFWRUV�

LV�RXWVLGH�RI�WKH�DQJOH�RI�DUULYDO�UHJLRQ��L�H��q� ���R�WR����R��WKHUH�LV�QRW�VXFK�D�UDSLG�GHFUHDVH�RQ�
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�
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WKH� VSDWLDO� FRUUHODWLRQ�� KRZHYHU�� ZLWKLQ� WKH� DQJXODU� UHJLRQ� WKHUH� LV� D� PRUH� UDSLG� GHFUHDVH� LQ�

FRPSDULVRQ��,Q�ERWK�FDVHV��WKH�OLPLWHG�DQJOH�RI�DUULYDO�PHDQV�WKDW�EHORZ���ZDYHOHQJWKV��GLUHFWLYH�

DQWHQQDV� ZLOO� LQFUHDVH� WKH� FRUUHODWLRQ� DQG� EHFRPH� D� GLVDGYDQWDJH� XQOLNH� D]LPXWK� DQJXODU�

FRQWULEXWLRQV��,Q�WKH�FDVH�RI�DQ�RPQL�GLUHFWLRQDO�DQG�GLUHFWLRQDO�DQWHQQD�LQ�)LJXUH������DQG�)LJXUH�

������WKHUH�LV�QRW�D�VLJQLILFDQW�FKDQJH�WR�WKH�VSDWLDO�FRUUHODWLRQ�IURP�WKH�VDPH�DQJXODU�FRUUHODWLRQ�

GXH�WR�WKH�OLPLWHG�DQJOH�RI�DUULYDO��)RU�WKH�EHVW�0(*��LW�LV�GHVLUDEOH�WKDW�WKH�GLUHFWLRQDO�DQWHQQD�LV�

SRLQWLQJ�ZLWKLQ�WKH�DQJOH�RI�DUULYDO�UHJLRQ��

������ 2WKHU�HIIHFWV�RI�DQJXODU�FRUUHODWLRQ�

7KH�RQO\�RWKHU�WZR�FRUUHODWLRQ�LQWHUDFWLRQV�VR�IDU�QRW�GLVFXVVHG�DUH�WKH�HIIHFWV�RI�HOHYDWLRQ�SDWWHUQ�

RQ�WKH�KRUL]RQWDO�VSDFLQJ�DQG�WKH�HIIHFWV�RI�D]LPXWK�SDWWHUQ�RQ�HOHYDWLRQ��7KHVH�VFHQDULRV�DUH�QRW�

VR�FRPSOH[�DQG�FDQ�EH�H[SODLQHG�EULHIO\��)RU�YHUWLFDO�VSDFLQJ��GH�FRUUHODWLRQ�GXH�WR�WKH�D]LPXWK�

SDWWHUQ�ZLOO�DOZD\V�UHGXFH�WKH�RYHUDOO�FRUUHODWLRQ��WKHUHIRUH�DQ�DQJXODU�FRQWULEXWLRQ�LV�PDGH�LQ�DOO�

FDVHV��

,Q�WKH�FDVH�RI�HOHYDWLRQ�SDWWHUQ�HIIHFWV�RQ�KRUL]RQWDO�FRUUHODWLRQ�WKLV�LV�WKH�VDPH�DV�LI�WKH�HOHYDWLRQ�

DQJOH�RI�DUULYDO�ZDV�DOWHUHG�LQ�DQ\�ZD\��5HIHUULQJ�WR�)LJXUH������LQ�WKH�FKDSWHU����LW�FDQ�EH�VHHQ�

WKDW�HOHYDWLRQ�DQJOH�RI�DUULYDO�KDV�OLWWOH�HIIHFW�RQ�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�DV�ORQJ�DV�WKHUH�LV�

RPQL�GLUHFWLRQDOLW\�LQ�D]LPXWK��7KHUHIRUH�RQO\�D]LPXWK�FKDQJHV�FDQ�KDYH�DQ\�VLJQLILFDQW�HIIHFW�RQ�

KRUL]RQWDO� VSDWLDO� FRUUHODWLRQ�� +RZHYHU�� LW� PXVW� EH� QRWHG� WKDW� ZKHQ� HOHYDWLRQ� SDWWHUQV� DUH�

GLIIHUHQW��WKHUH�ZLOO�RIWHQ�EH�DQ�LPSOLFDWLRQ�WKDW�WKH�D]LPXWK�SDWWHUQV�DUH�GLIIHUHQW�DV�ZHOO��

$� ILQDO� SRLQW� WR� QRWH� LV� WKDW� WKH� DQDO\VLV� KDV� EHHQ� FDUULHG� RXW� IRU� DQWHQQDV� ZLWK� WKH� VDPH�

SRODULVDWLRQ��$QDO\VLV�KDV�VKRZQ�WKDW�GLIIHUHQW�SRODULVDWLRQV�GR�QRW�PDNH�DQ\�VLJQLILFDQW�HIIHFW�RQ�

WKH�ZD\�LQ�ZKLFK�WKH�DQJXODU�FRUUHODWLRQ�DIIHFWV�WKH�VSDWLDO�FRUUHODWLRQ��7KHUHIRUH�WKH�SRODULVDWLRQ�

FRUUHODWLRQ� H[SODLQHG� LQ� VHFWLRQ� ���� FDQ� EH� XVHG� DV� D� PHDVXUH� RI� KRZ� PXFK� SRODULVDWLRQ�

FRQWULEXWLRQ�WKHUH�LV�ZLWKLQ�WKH�DQJXODU�FRUUHODWLRQ��

������ 3ULQFLSOHV�RI�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�FRUUHODWLRQ�

+DYLQJ� SUHVHQWHG� UHVXOWV� RI� WKH� HIIHFWV� RI� DQJXODU� FRUUHODWLRQ� RQ� VSDWLDO� FRUUHODWLRQ�� VRPH�

FRQFOXVLRQV�QHHG�WR�EH�GUDZQ�IRU�WKH�GHVLJQHU�WR�GHWHUPLQH�KRZ�DQJXODU�FRUUHODWLRQ�ZLOO�DIIHFW�WKH�

VSDWLDO�FRUUHODWLRQ��7KHUH�DUH�FDVHV�ZKHUH�LW�ZLOO�EH�QRW�QHFHVVDU\�WR�FDUU\�RXW�GHWDLOHG�DQDO\VLV�RI�

WKH�D]LPXWK�DQG�HOHYDWLRQ�SDWWHUQV��

��� :KHQ� WKH� VSDFLQJ� LV� JUHDWHU� WKDQ� �l�� WKHUH� LV� XVXDOO\� WRWDO� VSDWLDO� GH�FRUUHODWLRQ� LQ� WKH�

PDMRULW\�RI�FDVHV�DSDUW�IURP�H[FHSWLRQDO�FDVHV�VXFK�DV�)LJXUH�������D���ZKLFK�GR�QRW�RIWHQ�

RFFXU��7KHUHIRUH�LQ�VXFK�FLUFXPVWDQFHV�LW�LV�QRW�QHFHVVDU\�WR�KDYH�DQJXODU�FRUUHODWLRQ��,W�
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ZRXOG� EH�PRUH� VHQVLEOH� LQ� WKLV� VLWXDWLRQ� IRU� WKH� DQWHQQDV� WR� EH� RPQL�GLUHFWLRQDO� DW� WKH�

PRELOH��

��� :KHQ� WKH� VSDFLQJ� LV� OHVV� WKDQ� ���l�� WKHUH� LV� OLWWOH� VSDWLDO� FRQWULEXWLRQ� VR� WKH� DQJXODU�

FRUUHODWLRQ� ZLOO� EH� FRPSDUDEOH� ZLWK� WKH� RYHUDOO� FRUUHODWLRQ�� 7KHUHIRUH� LW� ZRXOG� QRW� EH�

QHFHVVDU\�WR�FRQVLGHU�WKH�HIIHFWV�RI�DQJXODU�FRUUHODWLRQ�RQ�VSDWLDO�FRUUHODWLRQ�KHUH��

��� ,I� WKH� DQJXODU� FRUUHODWLRQ� LV� QHJOLJLEOH� �OHVV� WKDQ� ����� WKHQ� WKH� RYHUDOO� FRUUHODWLRQ� ZLOO�

UHPDLQ�ORZ�UHJDUGOHVV�RI�VSDFLQJ��7KHUHIRUH�LQ�WKLV�FDVH��LW�LV�DQ�DQJXODU�GLYHUVLW\�V\VWHP��

��� ,I� WKH� DQJXODU� FRUUHODWLRQ� LV� KLJK� �JUHDWHU� WKDQ� ����� WKHQ� WKH� RYHUDOO� FRUUHODWLRQ�ZLOO� EH�

FRPSDUDEOH�ZLWK� WKH� VSDWLDO� FRUUHODWLRQ� H[FHSW� LQ� QRQ�W\SLFDO� FLUFXPVWDQFHV� VXFK� DV� LQ�

)LJXUH�������D���7KHUHIRUH�LQ�WKLV�FDVH�LW�LV�D�VSDWLDO�GLYHUVLW\�V\VWHP��

:KHQ� WKH�VSDFLQJ� LV�EHWZHHQ�����DQG���ZDYHOHQJWKV�DQG� WKH�DQJXODU�FRUUHODWLRQ� LV�EHWZHHQ�����

DQG� ���� D�PRUH� FDUHIXO� DQDO\VLV� RI� WKH� D]LPXWK� DQG� HOHYDWLRQ� SDWWHUQV� LV� UHTXLUHG� WR� GHWHUPLQH�

ZKHWKHU� WKH� DQJXODU� FKDUDFWHULVWLFV� DUH� EHQHILFLDO� WR� WKH� GLYHUVLW\�� 7KLV� LV� FOHDUO\� RXWOLQHG� LQ�

)LJXUHV�����WR������DQG������WR������ZKHUH�WKH�DQJXODU�FRUUHODWLRQ�PD\�LQFUHDVH�RU�GHFUHDVH�WKH�

VSDWLDO�FRUUHODWLRQ��)URP�WKH�DQDO\VLV�FDUULHG�RXW�LQ�WKLV�VHFWLRQ�WKH�IROORZLQJ�FDQ�EH�FRQFOXGHG��

��������)RU�KRUL]RQWDOO\�VSDFHG�DQWHQQDV�

,I� WKH� DQWHQQDV� KDYH� KRUL]RQWDO� VSDFLQJ� WKHQ� RQO\� WKH� D]LPXWK� SDWWHUQV� QHHG� WR� EH� DQDO\VHG��

3DWWHUQV�ZLWK�ORZ�GLUHFWLYLW\�ZLOO�FRQWULEXWH�VRPH�GHJUHH�RI�GH�FRUUHODWLRQ�LI�WKHLU�PDLQ�OREHV�DUH�

FORVHU� WRJHWKHU� UDWKHU� WKDQ� RSSRVLWH� WR� HDFK� RWKHU�ZKHUH� WKHUH�ZLOO� QRW� QHFHVVDULO\� EH� DV�PXFK�

DQJXODU�GH�FRUUHODWLRQ��0RUH�GLUHFWLYLW\�IURP�WKH�D]LPXWK�SDWWHUQV�SRLQWLQJ�LQ�GLIIHUHQW�GLUHFWLRQV�

ZLOO�FRQWULEXWH�EHWWHU�GH�FRUUHODWLRQ�RQ�DYHUDJH�EXW�WKLV�GHSHQGV�RQ�WKH�VSHFLILF�GLUHFWLRQV�WKDW�WKH�

DQWHQQDV�DUH�UDGLDWLQJ�LQ��

��������)RU�YHUWLFDOO\�VSDFHG�DQWHQQDV�

9HUWLFDO� VSDFLQJ� FUHDWHV�PRUH� FRPSOH[LW\� WKDQ� WKH� KRUL]RQWDO� FDVH� VLQFH� WKH� DQJOH� RI� DUULYDO� LV�

QRQ�XQLIRUP�� %RWK� WKH� D]LPXWK� DQG� HOHYDWLRQ� SDWWHUQV� ZLOO� KDYH� WR� EH� DQDO\VHG� LQ� WKLV� FDVH��

'LUHFWLYLW\�LQ�D]LPXWK�ZLOO�UHGXFH�YHUWLFDO�FRUUHODWLRQ�LQ�DOO�FDVHV�VR�LW�LV�WKHUHIRUH�EHWWHU�WR�KDYH�

FRQWUDVWLQJ�D]LPXWK�SDWWHUQV�UDWKHU�WKDQ�HOHYDWLRQ�SDWWHUQV��$QDO\VLV�VKRZV�WKDW�GH�FRUUHODWLRQ�LQ�

WKH�HOHYDWLRQ�SODQH�LV�EHWWHU�DFKLHYHG�IURP�DQJXODU�FRQWULEXWLRQV�ZKHQ�WKH�RYHUODSSLQJ�UHJLRQ�RI�

WKH�WZR�DQWHQQD�SDWWHUQV�LV�ZLWKLQ�WKH�DQJXODU�UHJLRQ�RI�LQFRPLQJ�VLJQDOV��L�H��q� �������R���7KLV�

ZLOO�DOVR�DFKLHYH�EHWWHU�0(*��
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��������)RU�ERWK�YHUWLFDOO\�DQG�KRUL]RQWDOO\�VSDFHG�DQWHQQDV�

,Q�WKLV�FDVH�WKH�FULWHULD�VHW�RXW�LQ�VHFWLRQV���������DQG���������DUH�ERWK�DSSOLFDEOH�LQ�WHUPV�RI�KRZ�

WKH�RYHUDOO�FRUUHODWLRQ�FDQ�EH�DIIHFWHG��

��������6XPPDU\�RI�UHVXOWV�

,Q� FRQFOXVLRQ� WKHVH� JXLGHOLQHV� DUH� VHW� RQ� WKH� DVVXPSWLRQ� RI� D� XQLIRUP� $2$� LQ� D]LPXWK� ZLWK�

*DXVVLDQ�HOHYDWLRQ�$2$�LV�DVVXPHG��2WKHU�DQJOH�RI�DUULYDO�PRGHOV�ZLOO�EH�XVHG�LQ�WKH�IXWXUH�VR�LW�

ZLOO�EH�QHFHVVDU\�WR�DGDSW�WKHVH�SULQFLSOHV�DV�WKH\�HPHUJH��)XUWKHU�WR�WKLV�KLJK�GLUHFWLYLW\�KDV�EHHQ�

FRQVLGHUHG�DOWKRXJK�LW�LV�VWLOO�DVVXPHG�WKDW�WKH�EHDPZLGWK�LV�UHDVRQDEO\�ZLGH��DW�OHDVW���R�ZKLFK�LV�

QRUPDOO\� WKH� FDVH� DW� WKH�PRELOH��7KH� GHVLJQHU� FRXOG� WKHUHIRUH� H[WUDSRODWH� IURP� WKHVH� UHVXOWV� WR�

GHWHUPLQH� KRZ� WKH� VSDWLDO� DQG� DQJXODU� FRQWULEXWLRQV� LQ� D� JLYHQ� FDVH� ZLOO� LQWHUDFW�� 7KH� WKHRU\�

ZRXOG� QRW� QHFHVVDULO\� EH� DSSOLFDEOH� WR� QDUURZHU� EHDPZLGWKV� VR� IXUWKHU� DQDO\VLV� ZRXOG� EH�

QHFHVVDU\��

��������(IIHFW�RI�DQWHQQD�GLUHFWLYLW\�RQ�PHDQ�HIIHFWLYH�JDLQ�

,QFUHDVLQJ� WKH� GLUHFWLYLW\� RI� WKH� DQWHQQDV� PD\� VLJQLILFDQWO\� UHGXFH� WKH� DQJXODU� FRUUHODWLRQ�

DOWKRXJK� WKLV� FDQ� FRPH� DW� WKH� H[SHQVH� RI� UHGXFWLRQ� LQ�0(*�� 7KLV� VHFWLRQ� VKRZV� EULHIO\� KRZ�

LQFUHDVLQJ� WKH� GLUHFWLYLW\� FDQ� GHJUDGH� WKH� 0(*�� 7R� EHJLQ� ZLWK�� WKLV� LV� QRW� UHOHYDQW� LQ� WKH�

KRUL]RQWDO�FDVH�VLQFH�WKH�0(*�LQ�IDFW�UHPDLQV�FRQVWDQW��$V�y�LV�LQFUHDVHG�WKH�JDLQ�LV�QRUPDOLVHG�

DSSURSULDWHO\� �ZKLFK�GLG�QRW� QHHG� WR� EH�GRQH� WR� HYDOXDWH� WKH� FRUUHODWLRQ�� DQG� FRQVHTXHQWO\� WKH�

0(*�VWLOO�DYHUDJHV�RXW�WR�WKH�VDPH�YDOXH�LQ�WKH�FDVH�RI�XQLIRUP�DQJOH�RI�DUULYDO�LQ�D]LPXWK��

,Q�WKH�HOHYDWLRQ�FDVH��KRZHYHU��WKH�VLWXDWLRQ�LV�GLIIHUHQW�GXH�WR�WKH�QRQ�XQLIRUP�$2$��)LJXUH������

VKRZV�WKH�0(*�IRU�WKH�VHPL�GLUHFWLRQDO�DQG�GLUHFWLRQDO�DQWHQQDV�XVHG�LQ�VHFWLRQ�������ZKHQ�WKH�

DQJOH�dq�� LV�YDULHG�� ,Q� WKH�ILUVW�FDVH�� WKH�y� ����R� VHFWRU�KDV�PD[LPXP�0(*�ZKHQ�dq�� LV�]HUR�

VLQFH�WKH�VHFWRU�FRYHUV�WKH�PRVW�RI�WKH�DQJOH�RI�DUULYDO�UHJLRQ�LQ�HOHYDWLRQ��JLYHQ�XQLIRUP�D]LPXWK�

DQJOH�RI�DUULYDO��)RU�WKH�y� ����R�VHFWRU��WKH�0(*�LV�DW�D�PD[LPXP�ZKHQ�dq��LV���
R�VLQFH�WKLV�LV�

WKH�FDVH�ZKHUH�WKH�DQWHQQD�LV�FRYHULQJ�DV�PXFK�RI�WKH�$2$�UHJLRQ�DV�SRVVLEOH��7KHUHIRUH��LW�FDQ�

EH�FRQFOXGHG�LQ�HOHYDWLRQ�WKDW�PD[LPXP�0(*�LV�DFKLHYHG�ZKHQ�WKH�DQWHQQDV�DUH�UDGLDWLQJ�ZLWKLQ�

DV�PXFK� RI� WKH� DQJOH� RI� DUULYDO� UHJLRQ� DV� SRVVLEOH�� 7KLV� LV� EHQHILFLDO� WR� GLYHUVLW\� VLQFH� VHFWLRQ�

��������FRQFOXGHG� WKDW� WKH�RYHUODSSLQJ�UHJLRQ�RI� WKH�DQWHQQDV�DUH�DOVR�UHTXLUHG� WR�EH�ZLWKLQ� WKH�

DQJXODU� UHJLRQ��7KHUHIRUH�RSWLPXP�GLYHUVLW\�ZLOO�EH�DFKLHYHG�ZKHQ� WKH�DQWHQQDV�DUH�ZLWKLQ� WKH�

DQJXODU�UHJLRQ��

�
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�

)LJXUH������*UDSK�VKRZLQJ�FKDQJH�LQ�0HDQ�(IIHFWLYH�*DLQ��0(*��YHUVXV�VHFWRU�VKLIW�DQJOH�LQ�

HOHYDWLRQ�IRU�YHUWLFDOO\�VSDFHG�LVRWURSHV�

������ 3RODULVDWLRQ�FRUUHODWLRQ�ZLWKLQ�DQJXODU�FRUUHODWLRQ�

8VLQJ�WKH�PHWKRG�RI�SRODULVDWLRQ�FRUUHODWLRQ�HYDOXDWLRQ�LQ�HTXDWLRQ�������WKH�UHVXOWV�FDQ�EH�XVHG�WR�

ILQG�KRZ�GLIIHUHQW�WKH�SRODULVDWLRQV�DUH�ZLWKLQ�DQ�DQJXODU�GLYHUVLW\�V\VWHP��,I�WKHUH�LV�D�GLIIHUHQFH��

LW�FDQ�EH�FRQFOXGHG�WKDW�WKHUH�LV�VRPH�FRQWULEXWLRQ�RI�SRODULVDWLRQ�GLYHUVLW\�WR�WKH�RYHUDOO�V\VWHP��

)LJXUH������VKRZV�WZR�FDVHV�RI�GLSROHV�XVHG��ZKHUH�DQJOHV�j�DQG�e�DUH�VHOI�H[SODQDWRU\��

�

e 
j�

�D�� �E��
�

)LJXUH������'LDJUDP�VKRZLQJ�WZR�H[DPSOHV�RI�SRODULVDWLRQ�FRUUHODWLRQ�XVHG�WR�VKRZ�LQKHUHQW�

SRODULVDWLRQ�FRUUHODWLRQ�
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5HVXOWV� IURP� WKH� VHWXS� LQ�)LJXUH������ �D�� DUH�SUHVHQWHG� LQ�)LJXUH������ DQG� UHVXOWV� IURP�)LJXUH�

����� �E��DUH�SUHVHQWHG� LQ�)LJXUH������� ,Q�ERWK�FDVHV�� WKHUH� LV� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ� WKH�

FRUUHODWLRQ�RI�WKH�DQWHQQD�SRODULVDWLRQV�DQG�WKH�IDGLQJ�HQYLURQPHQW�SRODULVDWLRQV��,Q�)LJXUH�������

WKH�FRUUHODWLRQ�LV� ORZHVW�ZKHQ�WKH�DQWHQQDV�DUH�FURVV�SRODULVHG�DOWKRXJK�LW� LV�E\�QR�PHDQV�]HUR��

7KLV�LV�EHFDXVH�WKHUH�LV�VWLOO�VLJQLILFDQW�(q�SRODULVDWLRQ�LQ�WKH�KRUL]RQWDO�DQWHQQD��ZKLFK�LQFUHDVHV�

WKH� FRUUHODWLRQ�� 7KH� VDPH� LV� WUXH� LQ� )LJXUH� ����� UHJDUGOHVV� RI� DQJOH� e� EHFDXVH� WKHUH� DUH� VWLOO�

FRQVLGHUDEOH�(q�DQG�(f�FRPSRQHQWV�VR�WKDW�WKH�SRODULVDWLRQ�FRUUHODWLRQ�ZLOO�RQO\�UHGXFH�E\�D�VPDOO�

PDUJLQ�DURXQG����R��
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$QWHQQD�3RODULVDWLRQ
&RUUHODWLRQ
$QJXODU�&RUUHODWLRQ

3RODULVDWLRQ�'LYHUVLW\�RI
)DGLQJ�(QYLURQPHQW

�

)LJXUH������3RODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�IURP�WKH�VHWXS�LQ�)LJXUH�������D��

�
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$QWHQQD�3RODULVDWLRQ
&RUUHODWLRQ

$QJXODU�&RUUHODWLRQ

3RODULVDWLRQ�'LYHUVLW\�RI
)DGLQJ�(QYLURQPHQW

�

)LJXUH������3RODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�IURP�WKH�VHWXS�LQ�)LJXUH�������E��

���� (IIHFWV�RI�FRXSOLQJ�DQG�LPSHGDQFH�LQ�LQWHUSUHWDWLRQ�RI�UHVXOWV�

$W� WKLV� SRLQW�� HIIHFWV� RI� FRXSOLQJ� DQG� LPSHGDQFH� KDYH� QRW� EHHQ� PHQWLRQHG�� +RZHYHU�� LW� LV�

LPSRUWDQW� WKH� FRXSOLQJ� HIIHFWV� DUH� WDNHQ� LQWR� DFFRXQW� VR� WKDW� WKH� DQDO\VLV� FDQ� EH� FDUULHG� RXW�

FRUUHFWO\��7R�EHJLQ�ZLWK��WKH�VSDWLDO�FRUUHODWLRQ�VKRXOG�EH�DQDO\VHG�ZLWK�FRXSOLQJ�SUHVHQW��ZKLFK�

PD\� FKDQJH�PDUJLQDOO\� LI� WKHUH� LV� VLJQLILFDQW� FRXSOLQJ� VLQFH� LW� LV�ZKDW� LV� VHHQ� DW� WKH� UHFHLYHU��

$QJXODU� GLYHUVLW\� VKRXOG� EH� DQDO\VHG� DW� WKH� RXWSXW� IODQJH� RI� WKH� DQWHQQD�� WKHUHIRUH� LPSHGDQFH�

FKDQJHV�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW��ZKLFK�ZLOO�DIIHFW�WKH�SKDVH�DV�H[SODLQHG�LQ�FKDSWHU����,Q�

ERWK�FDVHV��WKH�DQJXODU�DQG�SRODULVDWLRQ�FRQWULEXWLRQV�FDQ�EH�HYDOXDWHG�FRUUHFWO\�LQ�WKH�VDPH�ZD\�

DV�LI�QR�FRXSOLQJ�DQG�LPSHGDQFH�HIIHFWV�ZHUH�FRQVLGHUHG��

���� &RQFOXVLRQ�

7KH�PHWKRG� IRU� HYDOXDWLQJ� GLYHUVLW\� DW� WKH�PRELOH� WHUPLQDO� KDV� EHHQ� SUHVHQWHG� WR� FRPSXWH� WKH�

VSDWLDO�� DQJXODU� DQG� SRODULVDWLRQ� FRUUHODWLRQ� EDVHG� RQ� DQWHQQD� PHDVXUHPHQWV�� 7KH� DQWHQQD�

PHDVXUHPHQWV� LQFOXGH� WKH� DQJXODU� ILHOG� SDWWHUQV�� WKH� VSDWLDO� GLVWDQFH� �LQFOXGLQJ� WKH� GLUHFWLRQ��

EHWZHHQ� WKH� DQWHQQDV� DQG� WKH�6�SDUDPHWHUV��7KHVH� UHVXOWV� FDQ�EH�XVHG� WR� DVVLVW� WKH�GHVLJQHU� WR�

GHWHUPLQH�WKH�GLYHUVLW\�FRQWULEXWLRQV�RI�D�PRELOH�WHUPLQDO��

7KH�VHFRQG�SDUW�RI�WKH�FKDSWHU�LQYHVWLJDWHG�KRZ�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRQWULEXWLRQV�

LQWHUDFW�ZLWK�HDFK�RWKHU��7KH�ILUVW�LQYHVWLJDWLRQ�FRQVLGHUHG�KRZ�WKH�VSDWLDO�DQG�DQJXODU�FRUUHODWLRQ�



&KDSWHU����0HWKRG�IRU�(YDOXDWLQJ�'LYHUVLW\�DW�WKH�0RELOH�7HUPLQDO�
�

�

� ��

LQWHJUDWHG� WRJHWKHU� WR� IRUP�DQ�RYHUDOO�FRUUHODWLRQ�E\�PDQLSXODWLQJ� WKH�VSDWLDO�GLVWDQFH�DQG� ILHOG�

SDWWHUQV�RI�WZR�LVRWURSHV��,W�ZDV�IRXQG�WKDW�WKH�DQJXODU�FRUUHODWLRQ�DIIHFWHG�WKH�VSDWLDO�FRUUHODWLRQ�

GLIIHUHQWO\�GHSHQGLQJ�RQ�WKH�DQWHQQD�ILHOG�SDWWHUQV��7KHUHIRUH�WKH�GHVLJQHU�KDV�WR�DQDO\VH�WKH�ILHOG�

SDWWHUQV�DV�ZHOO�DV� WKH�FRUUHODWLRQ�UHVXOWV� WR�GHWHUPLQH�ZKHWKHU�WKH�DQJXODU�FRQWULEXWLRQ�KDV�DQ\�

EHQHILW� WR� WKH� RYHUDOO� FRUUHODWLRQ�� 5HVXOWV� LQGLFDWHG� WKDW� EHWWHU� DQJXODU� FRQWULEXWLRQ� LV� DFKLHYHG�

ZKHQ�WKH�DQWHQQDV�KDYH�GLUHFWLYH�D]LPXWK�SDWWHUQV�DQG�SRLQW�LQ�GLIIHUHQW�GLUHFWLRQV�DOWKRXJK�QRW�

IDU�IURP�HDFK�RWKHU��,Q�HOHYDWLRQ��WKH�GLUHFWLYH�EHDPV�QHHG�WR�RYHUODS�ZLWKLQ�WKH�DQJOH�RI�DUULYDO�

UHJLRQ�EHWZHHQ��R�DQG���R�DERYH�WKH�KRUL]RQWDO��

$QWHQQD�SRODULVDWLRQ�FRUUHODWLRQ�ZDV�VKRZQ�WR�EH�LQKHUHQW�ZLWKLQ�DQJXODU�FRUUHODWLRQ��7KH�YDOXH�

RI� SRODULVDWLRQ� FRUUHODWLRQ� LV� D� PHDVXUH� RI� ZKHWKHU� WKH� DQJXODU� FRUUHODWLRQ� LV� DW� DOO� GXH� WR� D�

SRODULVDWLRQ�FRQWULEXWLRQ��,I�WKH�DQWHQQDV�KDYH�VLPLODU�SRODULVDWLRQ�WKHQ�WKH�SRODULVDWLRQ�FRUUHODWLRQ�

ZLOO�EH�KLJK��
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&KDSWHU���

�� &DVH�6WXG\�0HDVXUHPHQWV�

+DYLQJ�HVWDEOLVKHG�WKH�PHWKRG�IRU�HYDOXDWLQJ�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\�DW�WKH�

PRELOH�� WKLV�ZLOO� QRZ� EH� DSSOLHG� WR� WZR� FDVH� VWXGLHV�� 7KH� ILUVW� FDVH� VWXG\� LV� D�PRELOH� KDQGVHW�

WHUPLQDO� XVLQJ� D� 3ODQDU� ,QYHUWHG�)� $QWHQQD� �3,)$�� DV� WKH� PDLQ� DQWHQQD� DQG� D� PHDQGHU� OLQH�

PRQRSROH�DV�WKH�VHFRQG�DQWHQQD��6RPH�PHDVXUHPHQWV�ZHUH�DOVR�FDUULHG�RXW�DW�WDON�SRVLWLRQ�XVLQJ�

D�SKDQWRP�KHDG�ILOOHG�ZLWK�DSSURSULDWH�VXJDU�VROXWLRQ�WR�DQDO\VH�WKH�HIIHFWV�RI�WKH�KHDG�RQ�VSDWLDO��

DQJXODU�DQG�SRODULVDWLRQ�GLYHUVLW\��7KH�VHFRQG�FDVH�VWXG\�LQYHVWLJDWHV�WKH�GLYHUVLW\�SRWHQWLDO�RI�DQ�

,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD��,4+$���ZKLFK�VLPXODWLRQV�DQG�PHDVXUHPHQWV�KDYH�VKRZQ�

WR�KDYH�DV�KLJK�DV���G%�LQ�V\VWHP�JDLQ�LQ�DQ�XUEDQ�5D\OHLJK�HQYLURQPHQW��

���� +DQGVHW�DQG�PHDVXUHPHQW�VSHFLILFDWLRQV�

3KRWRJUDSKV�RI�WKH�KDQGVHW�DUH�JLYHQ�LQ�)LJXUH�����ZKHUH�LW�FDQ�EH�VHHQ�LQ��D��WKDW�WKHUH�LV�D�GXDO�

EDQG�3,)$�GHVLJQHG�IRU�WKH�1RNLD������KDQGVHW�DWWDFKHG�WR�D�FRSSHU�JURXQG�SODQH�WKH�VDPH�VL]H�

DV� WKH� QRUPDO� KDQGVHW�� 6HFRQGO\� RQ� WKH� RWKHU� VLGH� VKRZQ� LQ� )LJXUH� ���� �E�� D� PHDQGHU� OLQH�

PRQRSROH�DQWHQQD�ZDV�DGGHG�EDVHG�RQ�D�GHVLJQ�GHYHORSHG�E\�+XDQJ�>+XDQ��@���

�

�D��

�

�E��

)LJXUH�����3LFWXUHV�RI�WKH�KDQGVHW�ZLWK�D�3,)$�DQG�PHDQGHU�OLQH�PRQRSROH�

7KH�GLPHQVLRQV�RI�WKH�3,)$�GLHOHFWULF�DUH���PP�E\���PP�LQ�SK\VLFDO�VL]H�DWWDFKHG�WR�D�JURXQG�

SODQH����PP�E\���PP�DV�LV�WKH�VL]H�RI�WKH�JURXQG�SODQH�IRU�WKH�KDQGVHW��7KH�EDFN�SLHFH�RI�WKH�
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RXWHU� FDVLQJ� ZDV� XVHG� VLQFH� WKLV� DOVR� KDG� GLHOHFWULF� SURSHUWLHV� DQG� LW� SOD\HG� D� SDUW� LQ� WKH�

LPSHGDQFH�PDWFKLQJ�RI�WKH�3,)$�DQWHQQD��:LWKRXW�WKH�FDVLQJ��WKH�3,)$�ZDV�QRW�PDWFKHG��$�PDOH�

60$� FRQQHFWRU�ZLWK� VHPL� ULJLG� FDEOH� ZDV� XVHG� WR� FRQQHFW� WR� WKH� IHHG� SRLQW� IRU� PHDVXUHPHQW�

SXUSRVHV��$V�D�GXDO�EDQG�DQWHQQD��WKH�3,)$�LV�GHVLJQHG�WR�ZRUN�DW�*60����DQG�*60�����EDQGV�

VR�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�DW����0+]�DQG�����0+]��

7KH�PHDQGHU�OLQH�PRQRSROH��RQ�WKH�RWKHU�KDQG��ZDV�QRW�GXDO�EDQG�VR�WZR�VHSDUDWH�PHDQGHU�OLQH�

DQWHQQDV�ZHUH�XVHG� IRU� WKH����0+]�DQG�����0+]�PHDVXUHPHQWV��)RU����0+]�� WKH� WRWDO�ZLUH�

OHQJWK�ZDV����PP�DQG�PHDQGHUHG�LQ�D�WDSHUHG�IDVKLRQ�DV�VKRZQ�LQ�)LJXUH������D���7KH�PD[LPXP�

OHQJWK�DW�WKH�WRS�LV���PP�DV�VKRZQ��DQG�WKHQ�HYHU\�OLQH�EHORZ�UHGXFHV�LQ�OHQJWK�E\��PP�DV�RQH�

SURJUHVVHV� GRZQ� WKH� WDSHU�� 7KH� WUDFN� ZLGWK� ZDV� �PP� ZLWK� VSDFLQJ� RI� �PP� DV� VKRZQ�� 7KH�

PHDQGHU�ZDV�FRQQHFWHG�WR�D�JURXQG�SODQH���[��PP�DQG�WKH�DQWHQQD�ZDV�LQFOLQHG���R�DERYH�WKH�

JURXQG�SODQH��,Q�WKH�FDVH�RI�����0+]�LQ�)LJXUH������E��WKH�GHVLJQ�LV�H[DFWO\�WKH�VDPH�DOWKRXJK�

WKLV� WLPH�LW�VWDUWV�ZLWK�D�ZLUH�OHQJWK�RI���PP�DQG�QRW���PP�WR�FRQVWLWXWH�WKH�UHGXFWLRQ�LQ�ZLUH�

OHQJWK�GRZQ�WR���PP��7KH�JURXQG�SODQH�DW�����0+]�ZDV�DOVR�GLIIHUHQW�LQ�VL]H����[��PP��

$W�ERWK�IUHTXHQFLHV�� WKHUHIRUH�� WKH�PHDQGHU�PRQRSROH�ZDV�QRW�FRQQHFWHG�WR�WKH�KDQGVHW�JURXQG�

SODQH� IRU� WKH� SXUSRVHV� RI� WKHVH�PHDVXUHPHQWV�� 7R� EHJLQ�ZLWK�� LW� ZDV� QHFHVVDU\� WR� UHPRYH� WKH�

PHDQGHU�OLQH�PRQRSROH�WR�GHWHUPLQH�ZKHWKHU�WKH�DQWHQQDV�ORVH�WKHLU�PHDQ�HIIHFWLYH�JDLQ��0(*��

LQ�DQ\�ZD\�ZKHQ�LQ�WKH�SUHVHQFH�RI�HDFK�RWKHU��7KHUHIRUH��GLVFRQQHFWLQJ�WKH�VROGHULQJ�MRLQW�RI�WKH�

DQWHQQD�ZRXOG�DIIHFW�WKH�UHVXOWV�DQG�WKH\�ZRXOG�QRW�QHFHVVDULO\�EH�UHSHDWDEOH�VLQFH�WKH�UHWXUQ�ORVV�

FRXOG�EH�VLJQLILFDQWO\�GLIIHUHQW�ZKHQ�WKH�DQWHQQD�ZDV�UH�VROGHUHG��)XUWKHU�WR�WKLV��LW�ZDV�WKHUHIRUH�

SRVVLEOH�WR�FDUU\�RXW�WKH�WHVWV�DW�����0+]�E\�UHSODFLQJ�WKH����0+]�PHDQGHU�OLQH�PRQRSROH�ZLWK�

D�VKRUWHU�PHDQGHU�OLQH��

�

�D�� �E��

��PP� ��PP�

�PP�

�

)LJXUH�����'LDJUDP�VKRZLQJ�WKH�FRQVWUXFWLRQ�SDUDPHWHUV�IRU�WKH�WZR�PHDQGHU�OLQH�PRQRSROHV�
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7KH�=�SDUDPHWHUV�RI�WKH�DQWHQQDV�DW�WKH�PHDVXUHPHQW�IUHTXHQFLHV�DUH�VKRZQ�LQ�7DEOH������%RWK�

DQWHQQDV�KDYH�D�UHDVRQDEOH�PDWFK�\LHOGLQJ�DW�OHDVW���G%�UHWXUQ�ORVV�ZLWK�ORZ�FRXSOLQJ��DOWKRXJK�

QRW�QHJOLJLEOH��DV�VKRZQ�E\�WKH�6�SDUDPHWHUV�LQ�7DEOH������

)UHTXHQF\���0+]� ]���W� ]���]���W� ]���W�

���� ��������M������ ���������M������ ��������M�����

����� ��������M������ �������M������ ��������M������

7DEOH�����=�3DUDPHWHUV�RI�WKH�DQWHQQDV�DW�WKH�WZR�IUHTXHQFLHV�RI�PHDVXUHPHQW�

)UHTXHQF\���0+]� V���G%� V���V���G%� V���G%�

���� ������� ������ �������

����� ������� ������� �������

7DEOH�����6�3DUDPHWHUV�RI�WKH�DQWHQQDV�DW�WKH�WZR�IUHTXHQFLHV�RI�PHDVXUHPHQW�

���� &RUUHODWLRQ�PHDVXUHPHQWV�RQ�WKH�KDQGVHW�

7KH�DQWHQQDV�ZHUH�PHDVXUHG�ZLWK���R�DQG��R�VWHS�HOHYDWLRQ�FXWV�ZLWK�WKH�KDQGVHW�YHUWLFDO�LQ�IUHH�

VSDFH��7KLV�ZDV�GRQH� WR�YHULI\� WKDW� WKH���R� VWHSV�ZHUH�JLYLQJ�VXIILFLHQWO\�DFFXUDWH�UHVROXWLRQ� WR�

HYDOXDWH�FRPSOH[�FRUUHODWLRQ�XVLQJ�HTXDWLRQ��������,Q�DOO�FDVHV��WKH�FRPSDULVRQ�RI�WKH���R�DQG��R�

FXWV� LQ� 7DEOH� ���� VKRZ� VXIILFLHQW� DFFXUDF\� IRU� FRPSOH[� FRUUHODWLRQ�� KHQFH� ��R� UHVROXWLRQ� LV�

FRQVLGHUHG� WR� EH� VXIILFLHQW�� 7KH� RYHUDOO� FRUUHODWLRQ� LV� FOHDUO\� ORZHU� DW� ����0+]� FRPSDUHG� WR�

���0+]�VR�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQV�DUH�HYDOXDWHG�WR�VHH�ZK\�WKLV�LV�WKH�

FDVH��

$QJXODU�FRUUHODWLRQ� WR�EHJLQ�ZLWK�KDV�EHHQ�VKRZQ�ERWK�ZKHQ� WKH� LPSHGDQFH�HIIHFWV�DUH�DSSOLHG�

DQG�ZKHQ�WKH\�DUH�QRW��%\�LQVSHFWLRQ�LW� LV�FOHDU� WKDW�EHWWHU�GHILQLWLRQV�RI� WKH�DQJXODU�FRUUHODWLRQ�

DUH�JLYHQ�ZKHQ�WKH�LPSHGDQFH�HIIHFWV�DUH�WDNHQ�LQWR�DFFRXQW��$QJXODU�FRUUHODWLRQ�LV�FRQVLGHUDEO\�

KLJKHU�DW����0+]�ZKLFK�FDQ�EH� H[SODLQHG�ZKHQ� WKH� D]LPXWK�DQG�f� ��R� HOHYDWLRQ�SDWWHUQV�DUH�

FRPSDUHG� LQ�)LJXUH������$V� D�SRLQW� RI� UHIHUHQFH��f�  ��R� LV� WKH�SRLQW� QRUPDO� WR� WKH�EDFN�RI� WKH�

KDQGVHW�� ZKLFK� LV� WKH� ERUHVLJKW� RI� WKH� 3,)$� DQWHQQD�� 7KHUH� LV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH�

HOHYDWLRQ�SDWWHUQV��HVSHFLDOO\�QRW�LQ�WKH�DQJXODU�UHJLRQ�IURP�q� ���R�WR����R�ZKHUH�WKH�HOHYDWLRQ�

DQJOH�RI�DUULYDO�LV�PDLQO\�FRPLQJ�IURP��7KHUHIRUH�WKH�HOHYDWLRQ�SDWWHUQV�FDQQRW�JLYH�D�VXIILFLHQW�

H[SODQDWLRQ�RI�ZK\� WKHUH� LV� UHGXFWLRQ� LQ�DQJXODU�FRUUHODWLRQ�DW�����0+]��$]LPXWK�SDWWHUQV��RQ�

WKH�RWKHU�KDQG��DUH�DOO�VLPLODU�DSDUW�IURP�WKH�3,)$�DQWHQQD�SDWWHUQ�DW�����0+]��ZKLFK�KDV�JUHDWHU�

GLUHFWLRQDOLW\��7KLV�ZLOO�DFFRXQW�IRU�D�GHFUHDVH�LQ�DQJXODU�FRUUHODWLRQ�VLQFH�WKHUH�LV�GLYHUVLW\�IURP�
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DQ�RPQL�GLUHFWLRQDO�DQWHQQD�LQ�FRPSDULVRQ�ZLWK�D�GLUHFWLRQDO�DQWHQQD��$OO�SORWV�LQ�)LJXUH�����DUH�

(q�SORWV�VLQFH�WKH�(f�SDWWHUQV�DUH�QHJOLJLEOH�LQ�PDJQLWXGH�DQG�QHHG�QRW�EH�FRQVLGHUHG��

6SDWLDO�FRUUHODWLRQ�VKRZQ�DIWHU�DQJXODU�FRUUHODWLRQ�LQ�7DEOH�����KDV�VRPH�HIIHFW�IURP�FRXSOLQJ�DQG�

LV�ORZHU�DW�����0+]��ZKLFK�ZRXOG�EH�H[SHFWHG�VLQFH�WKH�VSDFLQJ�DW����0+]�LV�RQO\�����l�ZKHUH�

LW�LV����l�DW�����0+]��7KH�FRUUHODWLRQ�DW����0+]�LV������LQ�YDOXH�ZKHQ�LW�VKRXOG�EH�OHVV�WKDQ�RU�

HTXDO� WR� �� DOWKRXJK� WKLV� LV� GXH� WR� FRPSXWDWLRQDO� DQG�PHDVXUHPHQW� HUURU� IURP� OLPLWHG� GHFLPDO�

SODFHV�� +RZHYHU�� WKLV� LV� QHJOLJLEOH� HUURU� FORVH� HQRXJK� WR� XQLW\�� $W� WKLV� SRLQW� LW� VKRZV� KRZ�

FRXSOLQJ�LQFUHDVHV�WKH�VSDWLDO�FRUUHODWLRQ�VLQFH�WKH�DQWHQQDV�EHJLQ�WR�PHUJH�LQWR�RQH��$W�����0+]�

WKLV�LV�OHVV�VR�DQG�WKH�LQFUHDVHG�VSDFLQJ�LV�FRQWULEXWLQJ�WR�WKH�UHGXFWLRQ�LQ�RYHUDOO�FRUUHODWLRQ��

�
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3,)$
���0+]
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����0+]
0HDQGHU
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����0+]
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0HDQGHU

�����R R

�R

����R���R
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)LJXUH�����&RPSDULVRQ�RI�WKH�D]LPXWK��D��DQG�f� ��R�HOHYDWLRQ��E��SDWWHUQV�EHWZHHQ�WKH�3,)$�DQG�

PHDQGHU�
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7\SH�RI�&RUUHODWLRQ�
��r �DW����0+]�

��
r �DW�

���0+]�

��r �DW�����0+]�
��
r �DW�

����0+]�

2YHUDOO� � � � �

��R�&XWV� ��������M����� ����� ������±�M����� �����

�R�&XWV� ��������M����� ����� ������±�M����� �����

$QJXODU��:LWKRXW�

,PSHGDQFH�(IIHFWV��

� � � �

��R�&XWV�� ��������M������ ����� ������±�M����� �����

�R�&XWV�� ��������M����� ����� ��������M����� �����

$QJXODU��:LWK�

,PSHGDQFH�(IIHFWV��

� � � �

��R�&XWV�� ��������M������ ����� ������±�M����� �����

�R�&XWV�� ��������M����� ����� ��������M����� �����

� � � � �

6SDWLDO��1R�&RXSOLQJ�� �������M����� ����� �������M����� �����

� � � � �

6SDWLDO��

�:LWK�&RXSOLQJ��

�������M����� ����� �������M����� �����

3RODULVDWLRQ� � � � �

��R�&XWV�� ������ ����� ����� �����

�R�&XWV�� ����� ����� ����� �����

7DEOH�����6XPPDU\�RI�WKH�RI�WKH�FRUUHODWLRQV�IURP�WKH�KDQGVHW�DW����0+]�DQG�����0+]�

)LQDOO\�� WKH� SRODULVDWLRQ� FRUUHODWLRQ� LV� OLVWHG� IROORZLQJ� WKH� VSDWLDO� FRUUHODWLRQ� DQG� OLNH� DQJXODU�

GLYHUVLW\�� WKH�FRXSOLQJ�HIIHFWV�JLYH�D�EHWWHU�GHILQLWLRQ�ZKHQ�WKH\�DUH�WDNHQ�LQWR�DFFRXQW��,Q�ERWK�

FDVHV�WKH�FRUUHODWLRQV�DUH�KLJK��ZKLFK�ZRXOG�EH�H[SHFWHG�VLQFH�WKH�DQWHQQDV�DUH�ERWK�FR�SRODULVHG��

7KHUHIRUH�LW� LV�FRQFOXGHG�LQ�WKHVH�FDVHV� WKDW� WKHUH�LV�QRW�DQ\�XVHIXO�FRQWULEXWLRQ� WR�WKH�GLYHUVLW\�

IURP�WKH�SRODULVDWLRQ��
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,W�FDQ�EH�FRQFOXGHG�IURP�WKH�FRUUHODWLRQ�UHVXOWV�WKDW�WKHUH�LV�D�KLJK�FRUUHODWLRQ�DW����0+]�GXH�WR�

ORZ�VSDFLQJ�DQG� OLWWOH� FRQWUDVW�EHWZHHQ� WKH�DQWHQQD�SDWWHUQV��$W�����0+]�� WKHUH� LV� DQJXODU�GH�

FRUUHODWLRQ�GXH�WR�WKHUH�EHLQJ�GLIIHUHQFH�LQ�D]LPXWK�ILHOG�SDWWHUQV�DQG�VLJQLILFDQW�VSDFLQJ�DERYH�

KDOI�D�ZDYHOHQJWK��

���� 0HDQ�HIIHFWLYH�JDLQ�PHDVXUHPHQWV�RQ�WKH�KDQGVHW�

$V�ZHOO�DV�FRUUHODWLRQ��WKH�0HDQ�(IIHFWLYH�*DLQ��0(*��RI�WKH�DQWHQQDV�PXVW�DOVR�EH�HYDOXDWHG�LQ�

RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKH\�KDYH�DQ\�V\VWHP�JDLQ��7DEOH�����VKRZV�WKH�0(*�HYDOXDWHG�IRU�

WKH�WZR�DQWHQQDV�DW� WKH�WZR�IUHTXHQFLHV� LQ��R�DQG���R�VWHSV�WR�YHULI\�VXIILFLHQW�UHVROXWLRQ�LQ�WKH�

PHDVXUHPHQWV��$V�FDQ�EH�VHHQ�WKHUH�LV�D�FRPSDUDEOH�0(*�DW����0+]�RI�DERXW��G%�GLIIHUHQFH��

ZKLFK� LV� UHDVRQDEOH��+RZHYHU�� DW� ����0+]� WKHUH� LV� JUHDWHU� WKDQ� �G%� GLIIHUHQFH��ZKLFK� LV� QRW�

JRRG�IRU�GLYHUVLW\��7KH�FDVH�LV�SUHVHQWHG�KHUH�WKDW�WKH�3,)$�DQWHQQD�KDV�JUHDWHU�GLUHFWLRQDOLW\�WR�

IDFLOLWDWH� UHGXFHG� DQJXODU� FRUUHODWLRQ� DOWKRXJK� LW� GRHV� WKLV� DW� WKH� H[SHQVH� RI� UHGXFHG� 0(*��

7KHUHIRUH� WKHUH� LV� QRW� D� JRRG� DQWHQQD� GLYHUVLW\� V\VWHP� DW� HLWKHU� RI� WKH� IUHTXHQFLHV� LQ� WKH� FDVH�

ZKHQ� WKH� KDQGVHW� WHUPLQDO� LV� YHUWLFDO� VLQFH� QHLWKHU� KDYH� ORZ� FRUUHODWLRQ� DQG� WKH� VDPH� 0(*�

WRJHWKHU��0HDVXUHPHQWV�ZHUH�DOVR�FDUULHG�RXW� WR�HYDOXDWH�WKH�0(*�RI�WKH�PHDQGHU�DQWHQQD�DQG�

WKH�3,)$�DQWHQQD�ZKHQ�QRW�LQ�WKH�SUHVHQFH�RI�HDFK�RWKHU��,Q�DOO�FDVHV��WKH�UHVXOWV�ZHUH�FRPSDUDEOH�

ZLWKLQ����G%��6LQFH�WKH�SURILOH�RI�WKH�WZR�DQWHQQDV�DUH�UHODWLYHO\�ORZ�WR�HDFK�RWKHU��WKH\�GR�QRW�

DFWLYHO\� GLVWRUW� HDFK� RWKHUV� UDGLDWLRQ� SDWWHUQV� DQG� UHGXFH� WKHLU� UHVSHFWLYH� 0(*V�� ZKLFK� LV� DQ�

DGYDQWDJH�WR�GLYHUVLW\��

$QWHQQD� ���0+]��G%�� ����0+]��G%��

3,)$�DW���R�&XWV�� ������ ������

3,)$�DW��R�&XWV�� ������ ������

0HDQGHU�DW���R�&XWV�� ������ �����

0HDQGHU�DW��R�&XWV�� ������ �����

7DEOH�����0HDQ�(IIHFWLYH�*DLQ�HYDOXDWLRQ�RI�WKH�DQWHQQDV�DW�WKH�PHDVXUHPHQW�IUHTXHQFLHV�XVHG�

���� 'LYHUVLW\�SHUIRUPDQFH�RI�D�YHUWLFDO�KDQGVHW�

+DYLQJ�HVWDEOLVKHG�WKH�FRUUHODWLRQ�DQG�0(*�UHVXOWV��LW�FDQ�EH�FRQFOXGHG�ZKDW�H[DFW�V\VWHP�JDLQ�

ZLOO� EH� DFKLHYHG� IURP� WKH� YHUWLFDO� KDQGVHW� DW� ERWK� IUHTXHQFLHV�� 'XH� WR� QHJOLJLEOH� GLIIHUHQFH�

EHWZHHQ�WKH�VHOHFWLRQ�FRPELQHU�GLYHUVLW\�JDLQ�DQG�V\VWHP�JDLQ�DUH�HIIHFWLYHO\�WKH�VDPH��7KHUHIRUH�

LQ�7DEOH� ����� WKH� GHJUDGDWLRQ� LQ� GLYHUVLW\� JDLQ� GXH� WR� FRUUHODWLRQ� LV� VKRZQ� �DVVXPLQJ� HTXDWLRQ�
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�������LV�YDOLG���)XUWKHU�WR�WKLV�N�LV�VKRZQ�DW�WKH�WZR�IUHTXHQFLHV�DQG�ILQDOO\�WKH�UHVXOWLQJ�V\VWHP�

JDLQ� LV� VKRZQ��$V� GLVFXVVHG� LQ� SUHYLRXV� VHFWLRQV�� WKHUH� LV� GHJUDGDWLRQ� IURP� KLJK� FRUUHODWLRQ� DW�

���0+]�� ZKHUH� DV� IRU� ����0+]� WKHUH� LV� GHJUDGDWLRQ� LQ� GLYHUVLW\� JDLQ� GXH� WR� XQHTXDO� PHDQ�

EUDQFK�SRZHU��7KHUHIRUH� WKH�UHVXOWLQJ�V\VWHP�JDLQ� LQ�ERWK�FDVHV� LV�DERXW� WKH�VDPH��DURXQG��G%�

OHVV�WKDQ�WKH�PD[LPXP�SRVVLEOH�V\VWHP�JDLQ�RI���G%���

)UHTXHQF\�0+]� 'HJUDGDWLRQ�LQ�

GLYHUVLW\�JDLQ�GXH�WR�

FRUUHODWLRQ�G%�

N�G%� 6\VWHP�*DLQ�G%�

���� ������ ������ ������

����� ������ ������ ������

7DEOH�����&RPSDULVRQ�RI�V\VWHP�JDLQ�SHUIRUPDQFH�IRU�WKH�WZR�*60�IUHTXHQFLHV�RI�WKH�YHUWLFDO�

KDQGVHW�

���� (IIHFWV�RI�DQJOH�RI�DUULYDO�

$OO�WKH�UHVXOWV�VR�IDU�KDYH�EHHQ�FDOFXODWHG�RQ�WKH�EDVLV�WKDW�WKH�PHDQ�$2$�LQ�HOHYDWLRQ��q ��LV���R�

DQG�WKDW�DOVR�WKH�VWDQGDUG�GHYLDWLRQ��s��LV���R��,W�LV�SRVVLEOH�WKDW�WKH�VWDQGDUG�GHYLDWLRQ�FRXOG�YDU\�

EHWZHHQ� ��R� DQG� ��R� DV� GLVFXVVHG� LQ� FKDSWHU� �� DOWKRXJK� WKH�PHDQ� GRHV� QRW� YDU\� VLJQLILFDQWO\��

)XUWKHU� WR� WKLV�� RQO\� WKH� DQJXODU� FRUUHODWLRQ�ZRXOG� EH� DIIHFWHG� E\� FKDQJH� LQ�$2$� LQ� WKLV� FDVH�

VWXG\�VR�7DEOH�����VKRZV�WKH�YDULDWLRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�s��

s�R�
��r �DW����0+]�

��
r �DW�

���0+]�

��r �DW�����0+]�
��
r �DW�

����0+]�

��� ��������M����� ����� ������±�M����� �����

��� ��������M����� ����� ������±�M����� �����

��� ��������M����� ����� ������±�M����� �����

7DEOH�����9DULDWLRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�s$�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW�

9DU\LQJ�s�KDV�QHJOLJLEOH�HIIHFW�RQ�WKH�DQJXODU�FRUUHODWLRQ�DV�VKRZQ��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�

HIIHFWV� RI� DQJOH� RI� DUULYDO� SUHVHQWHG� LQ� FKDSWHU� ���7KH� VDPH� WHVW�ZDV� FDUULHG� RXW� IRU�0(*�DQG�

DJDLQ�WKHUH�ZDV�QHJOLJLEOH�YDULDWLRQ�LQ�WKH�UHVXOWV�DOO�OHVV�WKDQ��G%��
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���� (IIHFWV�RI�FURVV�SRODU�UDWLR�

,Q� WKH� DERYH� UHVXOWV�� �G%� FURVV�SRODU� UDWLR� �;35�� KDV� DOVR� EHHQ� DVVXPHG��7KH�;35� FRXOG� YDU\�

EHWZHHQ� �� DQG� ��G%� LQ� GLIIHUHQW� IDGLQJ� HQYLURQPHQWV� DV� GLVFXVVHG� LQ� VHFWLRQ� ���� VR�7DEOH� ����

VKRZV�D�FRPSDULVRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�YDU\LQJ�;35��&RUUHODWLRQ�FKDQJHV�EH\RQG�����LQ�

PDJQLWXGH�LQ�WKLV�FDVH�VR�LW�ZRXOG�EH�QHFHVVDU\�IRU�WKH�GHVLJQHU�WR�YDU\�WKH�;35�ZKHQ�HYDOXDWLQJ�

GLYHUVLW\�WR�JLYH�DQ�DYHUDJH�SHUIRUPDQFH��7DEOH�����DOVR�VKRZV�WKDW�WKH�0(*�YDULHV�DQ\WKLQJ�XS�

WR��G%�DV�WKH�;35�LV�FKDQJHG��ZKLFK�ZLOO�DOVR�DIIHFW�WKH�GLYHUVLW\��

;35�G%�
��r �DW����0+]�

��
r �DW�

���0+]�

��r �DW�����0+]�
��
r �DW�

����0+]�

�� ��������M����� ����� ��������M����� �����

�� ��������M����� ����� ��������M����� �����

�� ��������M����� ����� ��������M����� �����

��� ��������M����� ����� ��������M����� �����

7DEOH�����9DULDWLRQ�RI�DQJXODU�FRUUHODWLRQ�ZLWK�;35�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW�

;35�G%� 3,)$�DW�

���0+]�G%�

0HDQGHU�DW�

���0+]�G%�

3,)$�DW�

����0+]�G%�

0HDQGHU�DW�

����0+]�G%�

�� ������ ������ ������ ������

�� ������ ������ ������ �����

�� ������ ������ ������ �����

��� ������ ������ ������ �����

7DEOH�����9DULDWLRQ�RI�0(*�ZLWK�;35�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW�

���� (IIHFWV�RI�WKH�KXPDQ�KHDG�

(YDOXDWLQJ�GLYHUVLW\�SHUIRUPDQFH�RI� WKH�DQWHQQD�ZKHQ�YHUWLFDOO\�RULHQWDWHG�LV�QRW�PHDVXULQJ�WKH�

SHUIRUPDQFH� IRU� D�SURSHU�XVHU� DSSOLFDWLRQ�� ,W� LV�PRUH�DSSURSULDWH� WR�XQGHUWDNH� WKH� LQYHVWLJDWLRQ�

ZKHQ�WKH�DQWHQQD�LV� LQ�WDON�SRVLWLRQ�QH[W� WR�D�SKDQWRP�KHDG��&DUU\LQJ�RXW�VXFK�D�WHVW�KDV�PDQ\�

FRPSOLFDWLRQV��KRZHYHU��ZKHQ�PHDVXULQJ�WKH�HOHYDWLRQ�SDWWHUQV��WKH�ZKROH�SKDQWRP�DQG�KDQGVHW�

KDV�WR�EH�URWDWHG�DURXQG�WKH�3,)$�DQWHQQD¶V�SKDVH�FHQWUH��%XLOGLQJ�D�MLJ�IRU�VXFK�D�SXUSRVH�LV�D�
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ORQJ�DQG�ODERULRXV�WDVN�WKDW�FRXOG�QRW�EH�LPSOHPHQWHG�VR�WKH�H[SHULPHQW�ZDV�FDUULHG�RXW�XVLQJ�D�

VLPSOHU��DOWKRXJK�OHVV�UHOLDEOH�PHWKRG��

)RU�HYHU\�HOHYDWLRQ�FXW�PHDVXUHG��WKH�SKDQWRP�ZDV�URWDWHG�RQ�WKH�SODWIRUP�ZKLOH�ODLG�KRUL]RQWDOO\�

DV� VKRZQ� LQ� )LJXUH� ���� DGMXVWLQJ� WKH� KHLJKW� DQG� SRVLWLRQ� IRU� HYHU\� HOHYDWLRQ� FXW� WKDW� ZDV�

PHDVXUHG�� )RU� HYHU\� FXW�� WKH� KHLJKW� ZDV� DGMXVWHG� DQG� WKH� SODWIRUP� SRVLWLRQ� ZDV� PRYHG� DQG�

DOLJQHG�DV�DSSURSULDWH��7KHUHIRUH�WKH�SKDVH�FHQWUH�KDG�WR�EH�PRYHG�EDFN�LQWR�WKH�FRUUHFW�SRVLWLRQ�

IRU� HYHU\� HOHYDWLRQ� FXW� WKDW� ZDV� WDNHQ�� ZKLFK� \LHOGV� VRPH� LQDFFXUDF\�� 7KH� PHDVXUHPHQW� ZDV�

FDUULHG�RXW�DW����0+]�RQO\�VLQFH�WKH�ZDYHOHQJWK�LV�KLJKHU�DQG�VR�WKLV�ZRXOG�KHOS�WR�UHGXFH�WKH�

SRVVLEOH�SKDVH�HUURU�IURP�UH�SRVLWLRQLQJ�WKH�DQWHQQD�IRU�HYHU\�PHDVXUHPHQW��

�

)LJXUH�����3KRWRJUDSK�VKRZLQJ�WKH�SKDQWRP�VHW�XS�RQ�D�SODWIRUP�LQ�WKH�DQHFKRLF�FKDPEHU�

7KH� DQWHQQD�ZDV�PHDVXUHG� XVLQJ� WKH� SKDQWRP�ZLWK� WKH� KDQGVHW� DJDLQVW� WKH� KHDG� ��R� IURP� WKH�

YHUWLFDO�VR�WKH�KDQGVHW�ZDV�LQ�OLQH�ZLWK�WKH�HDU�DQG�PRXWK��$OVR�WKH�KDQGVHW�ZDV�PHDVXUHG�ZLWKRXW�

WKH�SKDQWRP�LQ�WKLV�RULHQWDWLRQ�VR�WKDW�WKH�HIIHFWV�RQ�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�

GXH�WR�WKH�KHDG�DORQH�FRXOG�EH�HYDOXDWHG��7KH�6�SDUDPHWHUV�DQG�=�SDUDPHWHUV�FKDQJHG�ZLWK�WKH�

SUHVHQFH�RI�D�SKDQWRP�KHDG�E\�D�VPDOO�PDUJLQ�VR�WKH\�DUH�SUHVHQWHG�EHORZ�LQ�7DEOH�����DQG�7DEOH�

����� UHVSHFWLYHO\�� 7KH� FRXSOLQJ� DQG� VHOI�LPSHGDQFHV� RI� WKH� DQWHQQDV� GR� FKDQJH�PDLQO\� GXH� WR�

�G%�GLIIHUHQFH�LQ�FRXSOLQJ�EHWZHHQ�WKH�DQWHQQDV��

� V���G%� V���V���G%� V���G%�

:LWKRXW�3KDQWRP� ������� ������ �������

:LWK�3KDQWRP� ������� ������� �������

7DEOH�����&RPSDULVRQ�RI�6�SDUDPHWHUV�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG�
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� ]���W� ]���]���W� ]���W�

:LWKRXW�3KDQWRP� ��������M������ ���������M������ ��������M�����

:LWK�3KDQWRP� ��������M����� �������M����� ��������M�����

7DEOH������&RPSDULVRQ�RI�=�SDUDPHWHUV�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG�

������ (IIHFWV�RQ�FRUUHODWLRQ�

&RUUHODWLRQ�ZLWK�DQG�ZLWKRXW�WKH�SKDQWRP�KHDG�SUHVHQW�LV�FRPSDUHG�LQ�7DEOH������DQG�LQ�DOO�FDVHV�

RQO\���R�HOHYDWLRQ�FXWV�ZHUH�WDNHQ�VLQFH�LW�ZDV�LPSUDFWLFDO�WR�WDNH��R�FXWV��$OO�FRUUHODWLRQV�KDYH�

EHHQ�SUHVHQWHG�ZLWK�WKH�FRXSOLQJ�HIIHFWV�LQFOXGHG��

7\SH�RI�

&RUUHODWLRQ�
��r �ZLWKRXW�

SKDQWRP�

��
r �

ZLWKRXW�

SKDQWRP�

��r �ZLWK�SKDQWRP�
��
r �ZLWK�

SKDQWRP�

2YHUDOO�� ��������M����� ����� ��������M����� �����

$QJXODU� ��������M����� ����� �������M����� �����

6SDWLDO� �������M����� ����� �������M����� �����

3RODULVDWLRQ� ����� ����� ����� �����

7DEOH������7DEOH�VKRZLQJ�WKH�HIIHFWV�RQ�FRUUHODWLRQ�RI�WKH�SUHVHQFH�RI�D�SKDQWRP�KHDG�
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�G%�'LYLVLRQ
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)LJXUH�����&RPSDULVRQ�RI�WKH�PHDQGHU�DQG�WKH�3,)$��D��(q�ZLWKRXW�SKDQWRP��E��(f�ZLWKRXW�SKDQWRP�

�F��(q�ZLWK�SKDQWRP��E��(f�ZLWK�SKDQWRP�

5HVXOWV�LQ�7DEOH������LQGLFDWH�WKDW�WKHUH�LV�D�ODUJH�UHGXFWLRQ�LQ�WKH�DQJXODU�FRUUHODWLRQ�ZLWK�D�VPDOO�

GURS� LQ� SRODULVDWLRQ� FRUUHODWLRQ� DQG� VSDWLDO� FRUUHODWLRQ�� 7KH� D]LPXWK� SDWWHUQV� IRU� WKH�(q� DQG�(f�

SRODULVDWLRQV�DUH�VKRZQ�LQ�)LJXUH�����ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�SKDQWRP��$V�FDQ�EH�VHHQ��

LQ�ERWK�SRODULVDWLRQV��WKH�SUHVHQFH�RI�WKH�KHDG�FDXVHV�D�JUHDWHU�GLIIHUHQFH�EHWZHHQ�WKH�WZR�ILHOG�

SDWWHUQV� LQ�ERWK�SRODULVDWLRQV��6RPH�GHJUHH�RI� GH�SRODULVDWLRQ� DSSHDUV� DOVR� WR� EH� FDXVHG�E\� WKH�

KHDG�UHVXOWLQJ�LQ�VRPH�SRODULVDWLRQ�GH�FRUUHODWLRQ��

������ (IIHFWV�RQ�PHDQ�HIIHFWLYH�JDLQ�

)LQDOO\�WKH�PHDQ�HIIHFWLYH�JDLQ�LV�HYDOXDWHG�ZLWK�DQG�ZLWKRXW�WKH�SKDQWRP�DQG�SUHVHQWHG�LQ�7DEOH�

������$V�H[SHFWHG��WKH�SUHVHQFH�RI�D�KHDG�UHGXFHV�WKH�0(*�FRQVLGHUDEO\�E\�DERXW��G%��+RZHYHU��

WKH�0(*�YDOXHV�KDYH�OHVV�WKDQ��G%�GLIIHUHQFH�LQ�WKLV�FRQILJXUDWLRQ��ZKLFK�LV�KHOSIXO�WR�GLYHUVLW\��

,W� FDQ� EH� FRQFOXGHG� IURP� WKLV� WKDW� WKHUH� LV� VLJQLILFDQWO\� EHWWHU� GLYHUVLW\� SHUIRUPDQFH� LQ� WDON�

SRVLWLRQ�ZLWK�ORZ�FRUUHODWLRQ�DQG�HTXLYDOHQW�0(*�DOWKRXJK�WKLV�GRHV�FRPH�DW�WKH�H[SHQVH�RI�ORVV�

LQ�HIILFLHQF\��
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� 0(*�RI�3,)$��G%� 0(*�RI�0HDQGHU��G%�

:LWKRXW�3KDQWRP� ������ ������

:LWK�3KDQWRP� ������� �������

7DEOH������&RPSDULVRQ�RI�0(*�IRU�WKH�3,)$�DQG�PHDQGHU�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�

SKDQWRP�

������ (IIHFWV�RQ�GLYHUVLW\�SHUIRUPDQFH�

$V�GLVFXVVHG�LQ�VHFWLRQ��������WKH�V\VWHP�JDLQ�LV�WKH�VDPH�DV�WKH�GLYHUVLW\�JDLQ�IRU�WKLV�FDVH�DOVR��

7R� FRPSDUH� KRZ� WKH� SUHVHQFH� RI� SKDQWRP� DIIHFWV� WKH� GLYHUVLW\� SHUIRUPDQFH�� UHVXOWV� FDQ� EH�

SUHVHQWHG�LQ�7DEOH������DV�LQ�7DEOH������,Q�WKLV�FDVH�WKH�UHIHUHQFH�LV�D�VLQJOH�EUDQFK�VR�WKHUHIRUH�

WKH�V\VWHP�JDLQV�DUH�FRPSDUDEOH�VLQFH�WKH�GHJUDGDWLRQ�GXH�WR�FRUUHODWLRQ�DQG�EUDQFK�SRZHU�UDWLRV�

DUH�ORZ��,W�PXVW�EH�QRWHG�KHUH�WKDW�LI�WKH�UHIHUHQFH�DQWHQQD�ZLWKRXW�WKH�SKDQWRP�ZDV�XVHG�IRU�WKH�

V\VWHP�JDLQ�UHVXOWV�ZLWK�WKH�SKDQWRP��V\VWHP�JDLQ�ZRXOG�UHGXFH�E\�D�IXUWKHU��G%��7KLV�KDV�QRW�

EHHQ� FKRVHQ� LQ� WKLV� FDVH�� KRZHYHU�� VLQFH� LW� LV� QRW� D� UHDOLVWLF� UHIHUHQFH� IRU� VWDQGDUG� XVH�� 7KHVH�

UHVXOWV� VKRZ� WKDW� WKH� GLYHUVLW\� V\VWHP� LV� LPSURYHG� E\� WKH� KXPDQ� KHDG� GXH� WR� WKH� GHFUHDVH� LQ�

FRUUHODWLRQ�DGGLQJ�DQ�H[WUD��G%�EXW�WKH�KHDG�ZLOO�EH�D�GLVDGYDQWDJH�WR�WKH�0(*�RI�WKH�DQWHQQDV�

ZLWK� RU� ZLWKRXW� GLYHUVLW\�� +RZHYHU�� WKH� GLYHUVLW\� DQWHQQD� VWLOO� LPSURYHV� SHUIRUPDQFH� VR� LW� LV�

WKHUHIRUH�EHQHILFLDO��

�

� 'HJUDGDWLRQ�LQ�

GLYHUVLW\�JDLQ�GXH�WR�

FRUUHODWLRQ�G%�

N�G%� 6\VWHP�*DLQ�G%�

:LWKRXW�3KDQWRP� ������ ������ �����

:LWK�3KDQWRP� ������ ������ �����

7DEOH������&RPSDULVRQ�RI�V\VWHP�JDLQ�SHUIRUPDQFH�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�KXPDQ�KHDG�

���� 'LYHUVLW\�HYDOXDWLRQ�RI�,4+$V�

$Q�,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD��,4+$��LV�DQ�H[DPSOH�RI�D�IRXU�EUDQFK�GLYHUVLW\�V\VWHP�

EXLOW� XSRQ� IRXU� VHSDUDWH� KHOL[� DQWHQQDV�PDGH� LQWR� RQH� DQWHQQD�� ,W� LV� DQ� DSSURSULDWH� FKRLFH� IRU�

PRELOH� WR� VDWHOOLWH� FRPPXQLFDWLRQV� DV� LW� SURYLGHV� WKH� ORZ� GLUHFWLYLW\� DQG� FLUFXODU� SRODULVDWLRQ�

UHTXLUHPHQWV�WKDW�DUH�QHHGHG�LQ�VXFK�D�VFHQDULR��7KH�DQWHQQD�LV�DQ�LQWHOOLJHQW�DQWHQQD�EDVHG�RQ�WKH�
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IDFW� WKDW� LW�FDQ�ZRUN�DV�DQ�DGDSWLYH�DQWHQQD�WR�DSSO\�DSSURSULDWH�EHDP�VWHHULQJ� WR�FRPPXQLFDWH�

ZLWK�VDWHOOLWHV�RU�WHUUHVWULDO�EDVH�VWDWLRQV�FRPLQJ�IURP�YDU\LQJ�GLUHFWLRQV�>$JLXV��@��

)URP�ERWK�PHDVXUHPHQWV� DQG� VLPXODWLRQV� LW� KDV�EHHQ� IRXQG� WKDW� DQ� ,4+$�V\VWHP�JDLQ�KDV� WKH�

SRWHQWLDO� WR� EH� DV� KLJK� DV� ��G%� LQ� D�5D\OHLJK� IDGLQJ� HQYLURQPHQW�ZKHQ� XVLQJ� WKH�(TXDO�*DLQ�

&RPELQLQJ� �(*&�� PHWKRG� UHIHUHQFHG� WR� D� VLQJOH� HOHPHQW� RI� WKH� DQWHQQD� RU� RWKHUZLVH� ��G%�

V\VWHP�JDLQ�UHIHUHQFHG�WR�D�VWDQGDUG�TXDGUDWXUH�IHG�,4+$�>/HDFK��@�DOVR�VXPPDULVHG�LQ�7DEOH�

������$V�FDQ�EH�VHHQ�IURP�WKH�UHVXOWV��WKH�V\VWHP�JDLQ�IRU�0D[LPXP�5DWLR�&RPELQLQJ��05&��LV�

RQO\���G%�ZKHQ�UHIHUHQFHG�WR�D�VLQJOH�HOHPHQW���G%�OHVV�WKDQ�IRU�(*&��ZKLFK�FRQWUDGLFWV�WKH�IDFW�

WKDW�05&�KDV�D�KLJKHU�RXWSXW�GLYHUVLW\�JDLQ�>-DN��@��7KLV�LV��KRZHYHU��GLIIHUHQW�LQ�WKH�FDVH�RI�WKH�

,4+$� EHFDXVH� FRPELQLQJ� LV� DSSOLHG� DW� 5DGLR� )UHTXHQF\� �5)�� UDWKHU� WKDQ� DIWHU� GHPRGXODWLRQ��

ZKLFK�LV�QRUPDO�SUDFWLFH��,I�WKH�VLJQDOV�DUH�FRPELQHG�DW�5)�WKHQ�WKHUH�LV�RQO\�RQH�*DXVVLDQ�QRLVH�

VRXUFH�DW�WKH�GHPRGXODWRU��ZKHUH�DV�LI�WKH\�DUH�FRPELQHG�DIWHU�GHPRGXODWLRQ�WKHQ�WKHUH�DUH�IRXU�

*DXVVLDQ�QRLVH�VRXUFHV��6XFK�FRPELQLQJ�ZLWKRXW�QRLVH�VRXUFHV�SUHVHQW�FDXVHV�DQ�LQFUHDVHG�VLJQDO�

DW� WKH�UHFHLYHU��ZKLFK�LQ�WXUQ�FUHDWHV�D�QHZ�UHVXOWDQW�DQWHQQD�SDWWHUQ�RQ�WKH�,4+$�IURP�WKH�FR�

SKDVLQJ�HOHPHQWV��7KH�QHZ�DQWHQQD�SDWWHUQ�ZLOO�LPSURYH�WKH�0(*�DV�D�UHVXOW�VR�WKDW�WKLV�ZLOO�DGG�

WR�WKH�GLYHUVLW\�DOUHDG\�DFKLHYHG��7KHUHIRUH�WKLV�VHFWLRQ�ZLOO�LQYHVWLJDWH�ZKDW�LPSURYHPHQW�WKHUH�

LV�GXH�WR�GLYHUVLW\�DQG�WKH�LPSURYHPHQW�LQ�0(*�WKHUH�LV��

$� IXUWKHU� LWHP� WKDW� KDV� QRW� \HW� EHHQ� LQYHVWLJDWHG� LV� ZK\� WKH� ,4+$� SURYLGHV� VXIILFLHQW� GH�

FRUUHODWLRQ�EHWZHHQ�WKH�HOHPHQWV�WR�DVVLVW�GLYHUVLW\��7KHUHIRUH�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�

GLYHUVLW\�FKDUDFWHULVWLFV�ZLOO�EH�DQDO\VHG�WR�VKRZ�ZK\�WKH�,4+$�KDV�GLYHUVLW\���

� 6WDQGDUG�

4XDGUDWXUH�IHHG�

6HOHFWLRQ�

&RPELQLQJ�

05&� (*&�

6\VWHP�*DLQ��G%� �� ��� ��� ���

7DEOH������7DEOH�VKRZLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�IURP�VLPXODWLRQV�LQ�D�5D\OHLJK�IDGLQJ�HQYLURQPHQW�

XVLQJ�GLIIHUHQW�FRPELQLQJ�PHWKRGV�

���� ,4+$�VSHFLILFDWLRQV�

7ZR�,4+$�DQWHQQDV�ZHUH�PHDVXUHG�ZLWK���R�HOHYDWLRQ�FXWV�VLQFH�LW�KDV�DOUHDG\�EHHQ�SURYHG�IURP�

WKH�KDQGVHW�PHDVXUHPHQWV� WKDW� WKLV� LV�D� VXIILFLHQWO\�DFFXUDWH�UHVROXWLRQ��7KH�ILUVW�DQWHQQD�ZDV�D�

VWDQGDUG�VL]HG�,4+$�FHQWUHG�DW��*+]� LQ�)LJXUH������D���7KH�GLPHQVLRQV�RI� WKLV�ZHUH���PP�LQ�

OHQJWK�DQG���PP�LQ�GLDPHWHU��7KH�,4+$�WUDFNV�ZHUH�SULQWHG�RQWR�IOH[LEOH�SULQWHG�FLUFXLW�ERDUG�

��PP� LQ� OHQJWK�ZLWK� WUDFN�ZLGWK��PP� VSDFHG��PP�DSDUW��%\� DSSURSULDWH�JHRPHWU\� WKH� ,4+$�
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ZDV� IRUPHG� E\� UROOLQJ� WKH� 3&%� LQWR� D� F\OLQGHU� >$JXLV��@�� (DFK� SRUW� ZDV� IHG� ZLWK� TXDUWHU�

ZDYHOHQJWK�VHPL�ULJLG�FDEOHV�DQG�D�FRQQHFWRU���

7KH� VHFRQG� DQWHQQD� ZDV� D� UHGXFHG� VL]HG� PHDQGHUHG� ,4+$� >&KHZ��@� LQ� )LJXUH� ���� �E��� 7KH�

GLPHQVLRQV�KHUH�ZHUH� UHGXFHG� WR���PP� LQ� OHQJWK�DOVR�ZLWK���PP�GLDPHWHU��7KLV�ZDV�GRQH�E\�

PHDQGHULQJ� WKH�,4+$�EUDQFKHV�E\��� WXUQV�ZLWK� WUDFN�VSDFLQJ�RI��PP��7KLV� WLPH��KRZHYHU�� WKH�

WRWDO�WUDFN�OHQJWK�ZDV����PP��

&RPSDULVRQ� RI� WKH� PHDVXUHPHQWV� WKHUHIRUH� ZLOO� VKRZ� KRZ� UHGXFWLRQ� LQ� VL]H� ZLOO� DIIHFW� WKH�

GLYHUVLW\�SRWHQWLDO��7KH�6�SDUDPHWHUV�DQG�=�SDUDPHWHUV�DUH�QRW�UHOHYDQW�LQ�WKLV�DSSOLFDWLRQ�LQ�WHUPV�

RI�KRZ�WKH\�ZLOO�DIIHFW�GLYHUVLW\�DV�ZLOO�EH�VHHQ�VR�WKH\�DUH�QRW�SUHVHQWHG�KHUH��$OO�PHDVXUHPHQWV�

FDUULHG�RXW�LQ�WKLV�VHFWLRQ�DUH�IRU�D�YHUWLFDO�,4+$��

�

�D��

�

�

�

�E��

)LJXUH�����3LFWXUHV�VKRZLQJ�WKH�,4+$�DQWHQQDV�PHDVXUHG�IRU�GLYHUVLW\�DQDO\VLV��D��WKH�VWDQGDUG�

VL]HG�,4+$�DQG��E��WKH�UHGXFHG�VL]H�PHDQGHU�OLQH�,4+$�

�����&RUUHODWLRQ�PHDVXUHPHQWV�RI�,4+$V�

7KH� ILUVW� VWDJH� RI� DQDO\VLQJ� DQ� ,4+$� LQYROYHV� LQYHVWLJDWLQJ� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� IRXU�

HOHPHQWV�� LQFOXGLQJ� WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRQWULEXWLRQV��6LQFH� WKH�IHHG�SRLQWV�DUH�

DOO�FORVH�WRJHWKHU��WKH�GLVWDQFH�EHWZHHQ�WKH�SKDVH�FHQWUHV�RI�WKH�LQGLYLGXDO�HOHPHQWV�LV�QHJOLJLEOH�

�������l��VR�VSDWLDO�FRUUHODWLRQ�FDQ�EH�DVVXPHG�WR�EH�XQLW\�EDVHG�RQ�SULQFLSOHV�ODLG�RXW�LQ�FKDSWHU�

��� 7KHUHIRUH� RQO\� WKH� DQJXODU� DQG� SRODULVDWLRQ� FRQWULEXWLRQV� QHHG� WR� EH� DQDO\VHG�� 7KH� DQJXODU�

GLYHUVLW\�FDQ�EH�HYDOXDWHG�E\�FRUUHODWLQJ�WKH�LQGLYLGXDO�HOHPHQWV�PHDVXUHG��ZKLFK�DUH�SUHVHQWHG�

LQ� 7DEOH� ����� IRU� ERWK� WKH� VWDQGDUG� VL]HG� ,4+$� DQG� WKH� PHDQGHUHG� ,4+$�� 7KH� FRUUHODWLRQ�
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EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�HOHPHQW��r����DQG�WKH�ILUVW�DQG�WKLUG�HOHPHQW��r����LV�VKRZQ��,W�LV�QRW�

QHFHVVDU\�WR�SUHVHQW�DOO�WKH�RWKHU�FRUUHODWLRQV�VLQFH�LQ�WKLV�LQVWDQFH��r��� �r��� �r��� �r��� �r��� �

r��� DQG�r���  �r���  �r���  �r��� SURYLGHG� WKHUH� LV� D� V\PPHWULFDO� VWUXFWXUH�ZKHUH� DOO� WKH� VXEVFULSW�

QXPEHUV� DUH� UHVSHFWLYH� WR� WKH� UHOHYDQW� HOHPHQW� IHHG� SRLQW� QXPEHUV� VKRZQ� LQ� )LJXUH� �����

,PSHGDQFH�HIIHFWV� DUH�QRW� UHOHYDQW� LQ� WKLV� FDVH� VLQFH�]��� �]��� �]��� �]��� DQG�ZLOO� WKHUHIRUH�QRW�

FKDQJH� WKH� FRUUHODWLRQ� DV� VKRZQ�E\� HTXDWLRQ� ��������7KHUHIRUH�=� SDUDPHWHUV� KDYH� QR� HIIHFW� RQ�

GLYHUVLW\� LI� WKHUH� LV� QR� VSDWLDO� GLYHUVLW\� VLQFH� SRODULVDWLRQ� GLYHUVLW\� GRHV� QRW� XVH� WKHP�� 7KH�

FRUUHODWLRQ�UHVXOWV�DOVR�DVVXPH�WKHUH�LV�XQLIRUP�DQJOH�RI�DUULYDO�LQ�D]LPXWK�DQG�*DXVVLDQ�DQJOH�RI�

DUULYDO�LQ�HOHYDWLRQ�DV�VHW�RXW�LQ�FKDSWHU����

� r��� _r��_� r��� _r��_�

6WDQGDUG�,4+$� ��������M����� ����� ��������M����� �����

0HDQGHUHG�,4+$� ��������M����� ����� ��������M����� �����

7DEOH������7DEOH�VKRZLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�HOHPHQWV�IRU�WKH�VWDQGDUG�,4+$�DQG�WKH�

PHDQGHUHG�,4+$�

�

��

��

��

��

�

)LJXUH�����'LDJUDP�RI�WKH�HOHPHQW�QXPEHUV�RI�DQ�,4+$�IHHG�SRLQW�

,Q�WKH�FDVH�RI�WKH�VWDQGDUG�,4+$�WKH�FRUUHODWLRQ�LV�KLJKHU�WKDQ�WKH�DGMDFHQW�HOHPHQWV��ZKHUH�DV�LQ�

WKH�FDVH�RI�D�PHDQGHUHG�,4+$�WKH�RSSRVLWH�RI�WKLV�LV�WKH�FDVH��+RZHYHU��WKH�FRUUHODWLRQV�DUH�VWLOO�

ORZ� DQG� GHJUDGH� WKH� GLYHUVLW\� JDLQ� E\� RQO\� �G%� ZLWK� D� VHOHFWLRQ� FRPELQHU� >6FK��@� DVVXPLQJ�

HQYHORSH� FRUUHODWLRQ� LV� GHULYHG� IURP� HTXDWLRQ� �������� 7KHUHIRUH� WKH� DQWHQQDV� SURYLGH� XVHIXO�

DQJXODU� GH�FRUUHODWLRQ� LQ� DQ� XUEDQ� IDGLQJ� HQYLURQPHQW� ZLWK� VXFK� $2$� FKDUDFWHULVWLFV�� 1R�

PHDVXUHPHQWV�RU�VLPXODWLRQV��KRZHYHU��KDYH�EHHQ�FDUULHG�RXW�WR�JLYH�FRPSDUDEOH�UHVXOWV��
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7KH�SRODULVDWLRQ�FRUUHODWLRQ� UHVXOWV� DUH�SUHVHQWHG� LQ�7DEOH������ZKHUH� LW� FDQ�EH� VHHQ� WKDW� LQ�DOO�

FDVHV��WKH�FRUUHODWLRQ�LV�KLJK��7KHUH�LV�VRPH�UHGXFWLRQ�LQ�FRUUHODWLRQ�IRU�RSSRVLWH�HOHPHQWV�LQ�WKH�

FDVH�RI� WKH�PHDQGHUHG� ,4+$�DOWKRXJK� LW� LV� QRW� D� VLJQLILFDQW� GHFUHDVH��7KLV�ZRXOG�EH� H[SHFWHG�

VLQFH� WKH�PHDQGHU� OLQHV�ZLOO� JHQHUDWH� PRUH� FURVV� SRODULVDWLRQ�� ,W� FDQ� EH� FRQFOXGHG� IURP� WKHVH�

UHVXOWV� WKDW� WKH� ,4+$� LV� SULQFLSDOO\� DQ� DQJXODU� GLYHUVLW\� V\VWHP� ZLWK� VXLWDEO\� GH�FRUUHODWHG�

HOHPHQWV�LQ�DQ�XUEDQ�IDGLQJ�HQYLURQPHQW��

� r��� _r��_� r��� _r��_�

6WDQGDUG�,4+$� ����� ����� ����� �����

0HDQGHUHG�,4+$� ����� ����� ����� �����

7DEOH������7DEOH�VKRZLQJ�WKH�SRODULVDWLRQ�FRUUHODWLRQ�UHVXOWV�EHWZHHQ�HOHPHQWV�IRU�D�VWDQGDUG�,4+$�

DQG�D�PHDQGHUHG�,4+$�

�����0HDQ�HIIHFWLYH�JDLQ�DQDO\VLV�RI�WKH�,4+$V�

7KH�VHFRQG�SKDVH�RI�HYDOXDWLQJ�WKH�GLYHUVLW\�RI�,4+$V�LV�WKH�0(*�ERWK�IRU�VLQJOH�HOHPHQWV�DQG�

FRPELQHG� HOHPHQWV� WR� LGHQWLI\�ZKHUH� V\VWHP�JDLQ� LQYROYHV� LQFUHDVH� LQ� HIILFLHQF\� DQG�RU�0(*��

7KHUHIRUH�LW�FDQ�EH�GHWHUPLQHG�ZKHUH�GLYHUVLW\�LV�WDNLQJ�SODFH��(YDOXDWLRQ�RI�D�VLQJOH�HOHPHQW�FDQ�

EH�FDUULHG�RXW� LQ�WKH�QRUPDO�ZD\�DQG�DOO�HOHPHQWV�ZLOO�KDYH� WKH�VDPH�0(*�ZLWK�XQLIRUP�$2$�

GLVWULEXWLRQ� LQ� D]LPXWK��7KH� ILHOG�SDWWHUQ�RI� D� VWDQGDUG�TXDGUDWXUH� IHG� ,4+$� >/HDFK��@� FDQ�EH�

HYDOXDWHG�E\�DSSO\LQJ�SKDVH�ZHLJKWV�WR�UHVROYH�WKH�WRWDO�(�ILHOGV��(q7�DQG�(f7��DV�IROORZV��
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ZKHUH�WKH�IDFWRU�RI���LQ�HTXDWLRQV�������DQG�������DFFRXQWV�IRU�WKH�SRZHU�VSOLWWLQJ�WKDW�ZRXOG�WDNH�

SODFH�LI�WKH�,4+$�ZDV�PHDVXUHG�LQ�TXDGUDWXUH�XVLQJ�K\EULG�FRXSOHUV��&RPELQLQJ�WKH�ILHOGV�LQ�WKLV�

ZD\�GRHV�QRW�SURYLGH�DQ\�GLYHUVLW\�JDLQ�>/HDFK��@�VR�WKHUHIRUH�LQ�RQH�UHVSHFW�WKH�TXDGUDWXUH�IHG�

,4+$�FRXOG�EH�XVHG�DV�D�UHIHUHQFH��

7KH�KLJKHVW�V\VWHP�JDLQ�FRPHV�IURP�(*&�HOHPHQWV�ZKHUH�WKH�IRXU�EUDQFKHV�DUH�FR�SKDVHG��7KLV�

FUHDWHV�DQ�HTXLYDOHQW�(�ILHOG�SDWWHUQ�FDOFXODWHG�LQ�$SSHQGL[�(��6LQFH�WKH�FR�SKDVRUV�DUH�YDULDEOH�

ZLWK�WLPH��WKH�(�ILHOG�SDWWHUQ�FDQQRW�EH�PHDVXUHG�VR�HDVLO\��)URP�WKH�GHULYDWLRQ�LQ�$SSHQGL[�(��

WKH�UHVXOWDQW�(�ILHOGV�DW�HDFK�DQJOH�� ( )fq
q

�
7

( �DQG� ( )fqf �
7

( ��DUH�DV�IROORZV��
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IURP�ZKLFK�WKH�JDLQ�SDWWHUQV�DQG�WKH�0(*�FDQ�EH�FDOFXODWHG�IURP��

$� FRPSDULVRQ� RI� WKH� 0(*� IRU� D� VLQJOH� EUDQFK�� VWDQGDUG� TXDGUDWXUH� IHG� DQG� (*&� FRPELQHG�

HOHPHQWV�LV�SUHVHQWHG�LQ�7DEOH������IRU�ERWK�WKH�VWDQGDUG�VL]HG�,4+$�DQG�WKH�PHDQGHUHG�,4+$��

,Q�ERWK�FDVHV�WKH�UHVXOWV�UHODWH�FRQVLVWHQWO\�RQO\�WKH�PHDQGHUHG�,4+$�KDV�UHGXFHG�HIILFLHQF\�DQG�

OLNHZLVH�UHGXFHG�0(*�RQ�HDFK�EUDQFK��7KH�TXDGUDWXUH�IHG�HOHPHQWV�LQFUHDVH�WKH�0(*�E\�DURXQG�

���G%� FRPSDUHG� WR� D� VLQJOH� HOHPHQW�� ZKLFK� LV� FRQVLVWHQW� ZLWK� UHVXOWV� IRU� D� 5D\OHLJK� IDGLQJ�

HQYLURQPHQW�>/HDFK��@�JLYLQJ�OLWWOH�GLYHUVLW\�JDLQ��7KH�(*&�FRPELQHG�HOHPHQWV�LQFUHDVH�LQ�0(*�

E\����G%�FRPSDUHG�WR�D�VLQJOH�HOHPHQW��7KLV�LV�VPDOO�FRPSDUHG�WR�WKH�LQFUHDVH�LQ�VLJQDO�WR�QRLVH�

UDWLR�IRXQG�WR�EH�XS�WR���G%�DV�LQ�7DEOH������VR�WKHUHIRUH�WKH�LQFUHDVH�LV�ODUJHO\�GXH�WR�GLYHUVLW\��

7KHUHIRUH� LQ� ERWK� FDVHV�� WKH� LQFUHDVH� LQ�0(*� LQGLFDWHV� DQ� LQFUHDVH� LQ� VLJQDO� WR� QRLVH� UDWLR��/��

GHVFULEHG�LQ�FKDSWHU����7KH�GLYHUVLW\�JDLQ�LV�LQ�WKH�UHJLRQ�RI���G%�GXH�WR�ORZ�HQRXJK�FRUUHODWLRQ�

EHWZHHQ�WKH�EUDQFKHV�FRPSDUDEOH�ZLWK� WKH�PD[LPXP�GLYHUVLW\�JDLQ�RI�D� IRXU�EUDQFK�HTXDO�JDLQ�

FRPELQHU��7KHUHIRUH�DQ�(*&�FRPELQHG�,4+$�KDV�KLJK�GLYHUVLW\�SRWHQWLDO�DQG�0(*�WR�SURYLGH�

PD[LPXP�RXWSXW��7KLV�PD[LPXP�RXWSXW� LV�GXH�WR�D�GLYHUVLW\�JDLQ�RI���G%�ZLWK�WKH�DGGLWLRQ�RI�

���G%�LQFUHDVH�LQ�0(*��UHVXOWLQJ�LQ�����G%�V\VWHP�JDLQ��,W�PXVW�EH�QRWHG��KRZHYHU�WKDW�LQ�RWKHU�

IDGLQJ�HQYLURQPHQWV�ZLWK�OHVV�XQLIRUP�DQJOH�RI�DUULYDO� WKLV�SHUIRUPDQFH�ZRXOG�EH�OHVV�DV� LV� WKH�

FDVH�IURP�RWKHU�PHDVXUHPHQWV�XQGHUWDNHQ�>/HDFK��@��

� 6LQJOH�%UDQFK�

0(*�G%L�

4XDGUDWXUH�)HHG�

0(*�G%L�

(*&�&RPELQHG�

0(*�G%L�

6WDQGDUG�,4+$� ������ ������ ������

0HDQGHUHG�,4+$� ������ ������ ������

7DEOH������&RPSDULVRQ�RI�0(*�EHWZHHQ�D�VLQJOH�EUDQFK��TXDGUDWXUH�IHG�EUDQFKHV�DQG�HTXDO�JDLQ�

FRPELQHG�EUDQFKHV�IRU�D�VWDQGDUG�,4+$�DQG�PHDQGHUHG�,4+$�

,Q�WKH�FDVH�RI�VHOHFWLRQ�FRPELQLQJ��WKH�PD[LPXP�EUDQFK�LV�FKRVHQ�DW�DQ\�RQH�WLPH��)RU�D�XQLIRUP�

DQJOH�RI�DUULYDO�DQG�*DXVVLDQ�HOHYDWLRQ�DQJOH�RI�DUULYDO�FDVH��WKH�0(*�LI�HDFK�EUDQFK�LV�WKH�VDPH��

7KHUHIRUH�� WKH� UHVXOWDQW�0(*�ZLOO� DOZD\V� EH� WKH� VDPH� DV� D� VLQJOH� EUDQFK� ZKDWHYHU� EUDQFK� LV�

VHOHFWHG��8QOLNH�(&&�� VHOHFWLRQ� FRPELQLQJ�ZLOO� WKHUHIRUH� QRW� KDYH� DQ\� LQFUHDVH� LQ�0(*��7KLV�

YHULILHV� WKHUHIRUH� WKDW� WKH� UHVXOW� REWDLQHG� IRU� VHOHFWLRQ� FRPELQLQJ� LQ� 7DEOH� ����� LV� FRPSDUDEOH�
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ZLWK� WKH� GLYHUVLW\� JDLQ� RI� D� IRXU� EUDQFK� VHOHFWLRQ� FRPELQHU� DQG� WKHUHIRUH� GLYHUVLW\� JDLQ� LV� WKH�

VDPH�DV�V\VWHP�JDLQ�LQ�WKLV�FDVH���

)RU�0D[LPXP�5DWLR�&RPELQLQJ��05&���WKH�FRPSOH[�ZHLJKWV�DUH�RSWLPLVHG�VXFK�WKDW�WKH�VLJQDO�

WR�QRLVH�UDWLRV�RI�HDFK�EUDQFK�DUH�DGGHG�WRJHWKHU�>-DN��@��$�SURRI�LV�VKRZQ�LQ�$SSHQGL[�)�WKDW�WKH�

UHVXOWDQW� 0(*� IRU� DQ� 05&� LV� LQ� IDFW� DOVR� WKH� VDPH� DV� D� VLQJOH� EUDQFK�� 7KLV� LV� DOVR� VWULFWO\�

FRQGLWLRQDO� RQ� WKH� DQJOH� RI� DUULYDO� VFHQDULR� XVHG� IRU� WKLV� DQDO\VLV�� KRZHYHU�� 7KHUHIRUH� WKH�

GLYHUVLW\�JDLQ�DQG�V\VWHP�JDLQ�DUH�DOVR�WKH�VDPH�LQ�WKLV�FDVH��7KH�V\VWHP�JDLQ�UHVXOW�IRU�05&�LQ�

7DEOH������LV�DOVR�FRPSDUDEOH�ZLWK�WKH�GLYHUVLW\�JDLQ�IURP�D�IRXU�EUDQFK�GLYHUVLW\�V\VWHP��

7KH�DQDO\VLV�FDUULHG�RXW�KHUH�WKHUHIRUH�LQGLFDWHV�ZK\�(*&�JLYHV�D�EHWWHU�RXWSXW�V\VWHP�JDLQ�VLQFH�

LW� KDV� DQ� DGYDQWDJH� RI� D� VLJQLILFDQWO\� KLJKHU� LQFUHDVH� LQ� 0(*� �L�H�� KLJK� VLJQDO� JDLQ�� /��� $�

FRPSDULVRQ�RI�WKH�f� ���HOHYDWLRQ�SDWWHUQV��ZKLFK�DUH�FRQVLVWHQW�IRU�DOO�YDOXHV�RI�f��LQ�)LJXUH�����

LQGLFDWH�WKDW�WKH�LQFUHDVHG�RPQL�GLUHFWLRQDOLW\�IRU�(*&�LV�VLJQLILFDQWO\�EHWWHU�WKDQ�D�VLQJOH�EUDQFK�

DQG� D� VWDQGDUG� TXDGUDWXUH� IHHG�� WKXV� SURYLGLQJ� KLJKHU�0(*�� 6LPLODU� UHVXOWV� DUH� IRXQG� IRU� WKH�

PHDQGHUHG�,4+$�RQO\�WKHUH�LV�UHGXFWLRQ�LQ�HIILFLHQF\�LQ�WKLV�FDVH�VR�WKH�JDLQ�YDOXHV�DUH�QRW�DV�

KLJK��

6LQJOH�(OHPHQW
4XDGUDWXUH�)HHG
(*&�)HHG

����R���R

�R

���R��R

�G%L
��G%L

�

)LJXUH�����3RODU�SORW�VKRZLQJ�WKH�FRPSDULVRQ�RI�RPQL�GLUHFWLRQDOLW\�EHWZHHQ�GLIIHUHQWO\�IHG�HOHPHQWV�
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�����6\VWHP�*DLQ�$QDO\VLV�

$OWKRXJK�WKH�DQDO\VLV�RI�WKH�,4+$�GRHV�VKRZ�FOHDUO\�ZK\�(*&�JLYHV�DQ�LPSURYHG�RXWSXW�IURP�

RWKHU�FRPELQLQJ�PHWKRGV��DQG�LQGHHG�ZKHUH�WKDW�LV�GXH�WR�GLYHUVLW\��WKH�V\VWHP�JDLQ�UHVXOWV�KDYH�

VRPH�GLVFUHSDQF\�IURP�WKH�UHVXOWV�LQ�7DEOH�������7KLV�LV�GXH�WR�WKH�IDFW�RQO\�D�XQLIRUP�DQJOH�RI�

DUULYDO� LQ� D]LPXWK� ZDV� DSSOLHG� IRU� WKH� UHVXOWV� SUHVHQWHG� WKHUH�� ZKLFK� ZRXOG� \LHOG� GLIIHUHQW�

FRUUHODWLRQ�YDOXHV��)RU�WKH�DQDO\VLV�XQGHUWDNHQ��WKH�HOHYDWLRQ�DQJOH�RI�DUULYDO�LV�DOVR�FRQVLGHUHG��

7KHUHIRUH� WKH�V\VWHP�JDLQ�UHVXOWV�DUH�VXPPDULVHG� LQ�7DEOH������IRU�D�VWDQGDUG�VL]HG�,4+$�DQG�

7DEOH������IRU�D�PHDQGHUHG�,4+$�VR�WKDW�WKH\�FDQ�EH�FRPSDUHG�ZLWK�7DEOH�������

%RWK�WKH�WDEOHV�DUH�SUHVHQWHG�LQ�WKH�VDPH�IRUPDW��7KH�GHJUDGDWLRQ�LQ�GLYHUVLW\�JDLQ�FDQ�EH�GHULYHG�

XVLQJ�WKH�GHJUDGDWLRQ�IDFWRU�LQ�HTXDWLRQ���������)RU�DOO�W\SHV�RI�FRPELQHU�WKLV�LV�WKH�VDPH��,Q�WKH�

FDVH�RI�VHOHFWLRQ�FRPELQLQJ��WKHUH�LV�QR�JDLQ�LQ�0(*�VLQFH�RQO\���EUDQFK�LV�VHOHFWHG�DW�DQ\�RQH�

WLPH��WKHUHIRUH�WKH�FRPELQHG�RXWSXW�0(*�LV�WKH�VDPH�DV�D�VLQJOH�EUDQFK��)RU�05&�WKLV�LV�DOVR�WKH�

FDVH�DV�H[SODLQHG�LQ�VHFWLRQ�������2QO\�LQ�WKH�FDVH�RI�(*&�LV�WKHUH�DQ�LQFUHDVH�LQ�0(*�IURP�WKH�

FRPELQHG�ILHOG�SDWWHUQ�DOVR�H[SODLQHG�LQ�VHFWLRQ�������

&RPELQDWLRQ�PHWKRG� 'HJUDGDWLRQ�LQ�

GLYHUVLW\�JDLQ�GXH�WR�

FRUUHODWLRQ�G%�

*DLQ�LQ�0(*�G%� 6\VWHP�JDLQ�

UHIHUHQFHG�WR�VLQJOH�

EUDQFK�G%�

6HOHFWLRQ�&RPELQLQJ� ������ �� ������

(*&� ������ ���� ������

05&� ������ �� ������

7DEOH������7DEOH�VXPPDULVLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�REWDLQHG�IURP�WKH�VWDQGDUG�VL]HG�,4+$�

DQDO\VLV�

&RPELQDWLRQ�PHWKRG� 'HJUDGDWLRQ�LQ�

GLYHUVLW\�JDLQ�GXH�WR�

FRUUHODWLRQ�G%�

*DLQ�LQ�0(*�G%� 6\VWHP�JDLQ�

UHIHUHQFHG�WR�VLQJOH�

EUDQFK�G%�

6HOHFWLRQ�&RPELQLQJ� ������ �� ������

(*&� ������ ����� ������

05&� ������ �� ������

7DEOH������7DEOH�VXPPDULVLQJ�WKH�V\VWHP�JDLQ�UHVXOWV�REWDLQHG�IURP�WKH�PHDQGHUHG�,4+$�DQDO\VLV�
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�����&RQFOXVLRQV�

5HVXOWV�RI�GLYHUVLW\�PHDVXUHPHQWV�FDUULHG�RXW�RQ�D�FDVH�VWXG\�PHDVXUHPHQW�RI�D�PRELOH�KDQGVHW�

WHUPLQDO�FRPSULVLQJ�RI�D�3,)$�DQG�D�PHDQGHU�OLQH�PRQRSROH�DQG�WZR�IRUPV�RI�,4+$�KDYH�EHHQ�

SUHVHQWHG�� 7ZR� IUHTXHQFLHV�ZHUH�PHDVXUHG� IRU� WKH� KDQGVHW�� EHLQJ� ���0+]� DQG� ����0+]� DQG�

ERWK�WKHVH�FDVHV�UHVXOWHG�LQ�KDYLQJ�VLPLODU�GLYHUVLW\�SHUIRUPDQFH��+RZHYHU�� WKHLU�FKDUDFWHULVWLFV�

ZHUH�GLIIHUHQW�LQ�WKDW�DW����0+]�WKHUH�ZDV�KLJK�FRUUHODWLRQ�EXW�VLPLODU�PHDQ�EUDQFK�SRZHU��7KH�

UHYHUVH�ZDV�WUXH�IRU�����0+]��$QDO\VLV�ZDV�DOVR�FDUULHG�RXW�DW����0+]�ZLWK�D�SKDQWRP�KHDG�WR�

LQYHVWLJDWH�LWV�HIIHFWV��,W�ZDV�IRXQG�KHUH�WKDW�WKH�SUHVHQFH�RI�WKH�SKDQWRP�GLG�KHOS�WR�UHGXFH�WKH�

DQJXODU�FRUUHODWLRQ�DQG� LPSURYH� WKH�GLYHUVLW\�JDLQ��+RZHYHU�� WKH�UHIHUHQFH�EUDQFK�KDG� �D�PXFK�

ORZHU�0(*�GXH� WR� WKH�SUHVHQFH�RI� WKH� KHDG�� DOWKRXJK� DGGLQJ� D�GLYHUVLW\� DQWHQQD�RQ� WKLV� EDVLV�

ZRXOG�LPSURYH�WKH�RXWSXW�VLJQLILFDQWO\��

)RU�WKH�,4+$�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�DW��*+]�IRU�D�VWDQGDUG�VL]HG�YHUVLRQ�DQG�DOVR�RQH�

ZLWK�WKH�OLQHV�PHDQGHUHG�WR�UHGXFH�WKH�VL]H��5HVXOWV�LQ�ERWK�FDVHV�ZHUH�FRPSDUDEOH�DOWKRXJK�WKH�

UHIHUHQFH�EUDQFK�RI�WKH�PHDQGHUHG�DQWHQQD�ZDV�ORZHU�LQ�0(*�E\�DURXQG��G%��,W�ZDV�VKRZQ�IRU�

ERWK�PRGHOV�WKDW�WKHUH�LV�VLJQLILFDQW�LQFUHDVH�LQ�V\VWHP�JDLQ�ODUJHO\�GXH�WR�WKH�IRXU�EUDQFK�DQJXODU�

GLYHUVLW\�V\VWHP�LW�FUHDWHV��7KH�EHVW�UHVXOWV�DUH�DFKLHYHG�ZLWK�(*&�GXH�WR�WKH�LQFUHDVH�LQ�0(*�

EHLQJ�PRUH�VLJQLILFDQW�WKDQ�ZLWK�RWKHU�FRPELQLQJ�WHFKQLTXHV��+RZHYHU��LW�PXVW�EH�QRWHG�WKDW�WKH�

UHVXOWV�DUH�VWULFWO\�FRQGLWLRQDO�XSRQ�WKH�DQJOH�RI�DUULYDO�PRGHO�XVHG�DQG�ZRXOG�QRW�EH�DSSOLFDEOH�LQ�

RWKHU�FDVHV��)XUWKHU�DQDO\VLV�ZRXOG�EH�UHTXLUHG�IRU�VXFK�VFHQDULRV��

$�SXEOLFDWLRQ��³$QDO\VLV�RI�WKH�'LYHUVLW\�3RWHQWLDO�RI�DQ�,QWHOOLJHQW�4XDGULILODU�+HOL[�$QWHQQD´��

ZLOO�EH�SUHVHQWHG�DW� WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RI�$QWHQQDV�DQG�3URSDJDWLRQ��,&$3�� LQ�$SULO�

�����FRQWDLQLQJ�WKH�DQDO\VLV�ZRUN�FDUULHG�RXW�RQ�WKH�,4+$�LQ�WKLV�FKDSWHU��

��
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&KDSWHU���

�� )HDVLELOLW\� 6WXG\� IRU� ,PSOHPHQWLQJ� D�

6LPXODWHG�0RELOH�)DGLQJ�(QYLURQPHQW�

$OWKRXJK�GLYHUVLW\�FDQ�EH�HYDOXDWHG�WKHRUHWLFDOO\�DV�VKRZQ�LQ�SUHYLRXV�FKDSWHUV�WKHUH�LV�D�QHHG�WR�

XQGHUWDNH� UHDO� WLPH� PHDVXUHPHQWV� RI� WKH� GLYHUVLW\� DV� ZHOO� IRU� YHULILFDWLRQ� SXUSRVHV�� 7KH�

WKHRUHWLFDO� SUHGLFWLRQV� PD\� SURYLGH� XVHIXO� JXLGHOLQHV� WR� WKH� GHVLJQHU� LQ� WHUPV� RI� RSWLPLVDWLRQ�

DOWKRXJK�WKH�DFWXDO�GLYHUVLW\�RU�V\VWHP�JDLQ�UHVXOWV�DUH�EDVHG�RQ�DVVXPSWLRQV��6XFK�DVVXPSWLRQV�

DUH� WKDW� WKH� PDWKHPDWLFDO� PRGHOV� XVHG� IRU� DQJOH� RI� DUULYDO� �$2$�� DFWXDOO\� UHSUHVHQW� WKH� UHDO�

HQYLURQPHQW� VXIILFLHQWO\�� 0HDVXUHPHQW� FDPSDLJQV� LQ� UHDO� HQYLURQPHQWV� KHOS� WR� YHULI\� WKLV�

DOWKRXJK�WKH\�DUH�RIWHQ�WLPH�FRQVXPLQJ�DQG�QR�WZR�PRELOH�WHUPLQDOV�FDQ�EH�WHVWHG�XQGHU�WKH�VDPH�

WHVW� FRQGLWLRQV� LQ� WKHVH� FDVH� VLQFH� WKH� WHVW� PHWKRG� LV� QRW� UHSHDWDEOH�� )XUWKHU� WR� WKLV� LW� PD\� EH�

QHFHVVDU\�WR�XQGHUWDNH�D�IXOO�FRQIRUPDQFH�WHVW�RI�D�PRELOH�WHUPLQDO�LQ�WHUPV�RI�WHVWLQJ�WKH�UHFHLYHU�

DQG� WKH� DQWHQQD� WRJHWKHU��$�PXOWLSDWK� IDGLQJ� VLPXODWRU�ZRXOG� WKHUHIRUH� EH� RI� EHQHILW�ZLWK� WKH�

VFRSH� RI� PDQLSXODWLQJ� WKH� $2$� WR� DFKLHYH� LQLWLDO� HYDOXDWLRQ� RI� WKH� PRELOH� WHUPLQDO� GLYHUVLW\�

EHIRUH�WHVWLQJ�LQ�D�UHDO�HQYLURQPHQW��/LPLWV�RQ�WKH�DFFXUDF\�DQG�YHUVDWLOLW\�RI�WKH�VLPXODWRU�ZLOO�

DOZD\V� EH� SUHVHQW� DQG� VR� WKH\� QHHG� WR� EH� WDNHQ� QRWH� RI�� 7KH� DLP� RI� D� IDGLQJ� VLPXODWRU�ZRXOG�

WKHUHIRUH�EH�WR�SURYLGH�UHVXOWV�WKDW�DUH�UHSHDWDEOH��DSSOLFDEOH�WR�GLIIHUHQW�$2$�HQYLURQPHQWV�DQG�

HFRQRPLFDO� LQ� WHUPV� RI� WLPH� DQG� FRVW� FRPSDUHG� WR� SURSDJDWLRQ� PHDVXUHPHQWV� WKDW� ZRXOG�

RWKHUZLVH�EH�QHFHVVDU\��

0HWKRGV�RI�UHSOLFDWLQJ�D�PRELOH�IDGLQJ�HQYLURQPHQW�KDYH�EHHQ�GHYHORSHG�LQ�WKH�SDVW�RIWHQ�LQ�WKH�

FRQWH[W� RI� ILHOG� VLPXODWRUV� >$UDL��@� DQG� UHYHUEHUDWLRQ� FKDPEHUV� >5RVHQ��@>+DOOE@�� $OWKRXJK�

WKHVH�PHWKRGV�KDYH�EHHQ�VKRZQ�WR�SURGXFH�5D\OHLJK�OLNH�IDGLQJ�LQ�D�PRGH�VWLUUHG�FKDPEHU�ZLWK�

FRQGXFWLQJ�ZDOOV��WKH\�DUH�UHVWULFWHG�WR�XQLIRUP�DQJOH�RI�DUULYDO�DOO�DURXQG�WKH�PRELOH��7KLV�GRHV�

QRW� UHIOHFW� WKH�$2$�IRU� DQ�XUEDQ� IDGLQJ�HQYLURQPHQW�DQG� LW�ZLOO�QRW� DSSO\� WR� VSHFLILF� DQJOH�RI�

DUULYDO� PRGHOV� ZLWK� QRQ�XQLIRUP� $2$� VXFK� DV� RXWGRRU� WR� LQGRRU� SURSDJDWLRQ� DQG� ULFHDQ�

HQYLURQPHQWV��$QRWKHU�LGHD�IRU�HYDOXDWLQJ�GLYHUVLW\�KDV�EHHQ�SURSRVHG�EDVHG�RQ�PRYLQJ�D�PRELOH�

DURXQG� D� FLUFOH� LQ� D� ]RQH� VXUURXQGHG� ZLWK� VRXUFHV� WKDW� ZLOO� \LHOG� GLIIHUHQW� SKDVHV� WR� JHQHUDWH�

IDGLQJ�>.LWFK��@��7KLV�PRGHO�LV�OLPLWHG�WR�DQ�D]LPXWK�DQJOH�RI�DUULYDO��KRZHYHU��,Q�WKLV�FKDSWHU��D�

QHZ�FRQFHSW�SURSRVDO� LV�SUHVHQWHG�EDVHG�RQ�5D\OHLJK� VRXUFHV� WKDW�DUH�SRVLWLRQHG�DW�DSSURSULDWH�
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DQJOHV�WR�UHIOHFW�WKH�GHVLUHG�DQJOH�RI�DUULYDO�PRGHO�IRU�WKH�PRELOH��6LPXODWLRQV�DUH�DOVR�SUHVHQWHG�

WR�YHULI\�WKH�YDOLGLW\�RI�WKH�SURSRVDO�DQG�IXUWKHU�ZRUN�WKDW�ZLOO�EH�QHFHVVDU\�LI�VXFK�D�FRQFHSW�ZDV�

WR�EH�LPSOHPHQWHG�

���� 2XWOLQH�RI�WKH�FRQFHSW�

7KH� FRQFHSW� RI� WKH� IDGLQJ� VLPXODWRU� LV� RXWOLQHG� LQ� )LJXUH� ���� EHORZ�� ,Q� WKH� FHQWUH� LV� D�PRELOH�

WHUPLQDO�� ZKLFK� ZLOO� UHFHLYH� WKH� UHVXOWDQW� IDGLQJ� VLJQDOV� FRPLQJ� IURP� WKH� IDGLQJ� VRXUFHV� WKDW�

VXUURXQG� LW�� $OWKRXJK� WKH� PRELOH� LV� VWDWLRQDU\�� WKH� IDGLQJ� EHLQJ� DSSOLHG� WR� LQFRPLQJ� VLJQDOV�

DURXQG� WKH� PRELOH� WHUPLQDO� LV� UHSUHVHQWDWLYH� RI� WKH� PRWLRQ� WKDW� WKH� PRELOH� ZRXOG� QRUPDOO\�

H[SHULHQFH��7KH� LQFRPLQJ�VLJQDOV�ZLOO�QRW�KDYH�RQO\�RQH�EXW� WZR� LQGHSHQGHQW�SRODULVDWLRQV�DQG�

WKH�PDJQLWXGH�ZLOO� QRW� EH� WKH� VDPH� GXH� WR� WKH� FURVV�SRODU� UDWLR��;35�� H[SODLQHG� LQ� FKDSWHU� ���

7KHUHIRUH�� WKH� IDGLQJ� VRXUFHV� DUH� GXDO� SRODULVHG� DV� VKRZQ�� 7KH� KRUL]RQWDO� SRODULVDWLRQ� KDV� DQ�

DWWHQXDWRU�WR�YDU\�WKH�;35�WKDW�LV�XVHG���
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)LJXUH�����'LDJUDP�RI�WKH�FRQFHSW�EHKLQG�WKH�SURSRVHG�IDGLQJ�VLPXODWRU�

7KH�GXDO�SRODULVHG�IDGLQJ�VRXUFHV�DUH�FRQVHTXHQWO\�IHG�LQWR�GXDO�SRODULVHG�DQWHQQDV��7KHUH�DUH�QR�

SDUWLFXODUO\�VWULFW�UHTXLUHPHQWV�RQ�WKH�DQWHQQD�VSHFLILFDWLRQV�RWKHU� WKDQ�WKDW� WKH�ILHOG�SDWWHUQV�RI�



&KDSWHU����)HDVLELOLW\�6WXG\�IRU�,PSOHPHQWLQJ�D�6LPXODWHG�0RELOH�)DGLQJ�(QYLURQPHQW�
�

�

����

WKH� WZR�SRODULVDWLRQV� VKRXOG� EH� WKH� VDPH��7KH� DFWXDO� ILHOG� SDWWHUQV� WKH� DQWHQQDV� KDYH� GRHV� QRW�

PDNH�DQ\�GLIIHUHQFH�WR�WKH�UHVXOWDQW�IDGLQJ�VLJQDO�DW�WKH�PRELOH�VLQFH�RQO\�RQH�LQFLGHQW�5)�VLJQDO�

UHDFKHV� WKH� PRELOH� DV� VKRZQ� E\� WKH� DUURZV�� 7KH� QXPEHU� RI� DQWHQQDV� DURXQG� WKH� PRELOH� DUH�

GHSHQGHQW� RQ� WKH� W\SH� RI� PRELOH� WHUPLQDOV� WKDW� DUH� EHLQJ� WHVWHG� DQG� WKH� $2$� WKDW� LV� EHLQJ�

VLPXODWHG�� &ULWHULD� IRU� WKLV� ZLOO� EH� GLVFXVVHG� ODWHU�� (VVHQWLDOO\�� ZLWK� DQ� DSSURSULDWH� QXPEHU� RI�

DQWHQQDV�DURXQG�WKH�PRELOH�WHUPLQDO��LW�ZLOO�EH�SRVVLEOH�WR�FRQWURO�WKH�PDJQLWXGH�RU�HYHQ�³VZLWFK�

RII´�VRPH�RI�WKH�VRXUFHV�WR�DOWHU�WKH�GLIIHUHQW�IDGLQJ�HQYLURQPHQWV�DV�QHFHVVDU\��

���� )DGLQJ�6RXUFH�*HQHUDWLRQ�

)RU�HDFK�SRODULVDWLRQ�RI�WKH�DQWHQQD��WKHUH�LV�D�G\QDPLF�IDGLQJ�JHQHUDWRU�WKDW�LV�XVHG�WR�JHQHUDWH�

WKH�DSSURSULDWH�IDGLQJ�VRXUFH�WKDW�UHSUHVHQWV�PRWLRQ�DW�D�JLYHQ�DQJOH��$�SURSRVHG�PHWKRG�RI�GRLQJ�

WKLV�LV�VKRZQ�LQ�)LJXUH�����EXLOW�RQ�D�PHWKRG�XVHG�E\�$UUHGRQGR�>$UUH��@��7KH�VLJQDO�ZLOO�UHTXLUH�

DQ�,�FKDQQHO�DQG�D�4�FKDQQHO�VR�HVVHQWLDOO\�WZR�*DXVVLDQ�LQGHSHQGHQW�QRLVH�VRXUFHV�DUH�XVHG�IRU�

HDFK� SRODULVDWLRQ�� 7KHUHIRUH�� IRXU� LQGHSHQGHQW� *DXVVLDQ� QRLVH� VRXUFHV� DUH� UHTXLUHG� IRU� HDFK�

DQWHQQD�� 7KH� FODVVLFDO�'RSSOHU� ILOWHU� LV� DSSOLHG� VR� WKDW� DQ� DSSURSULDWH� UDWH� RI� FKDQJH� RI� IDGLQJ�

VLJQDO�FDQ�EH�VLPXODWHG�GHSHQGLQJ�RQ�WKH�PRELOH�VSHHG��
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)LJXUH�����'\QDPLF�IDGLQJ�JHQHUDWRU�ZLWK�XQLIRUP�SKDVH�GLVWULEXWLRQ�SURSRVHG�E\�$UUHGRQGR�
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7KH�RQH�WKLQJ�WKDW�KDV�EHHQ�DGGHG�WR�WKLV�PRGHO�QRW�XVHG�E\�$UUHGRQGR�LV�WKH�5LFHDQ�.�IDFWRU��)RU�

VLPXODWLQJ� D� 5LFHDQ� IDGLQJ� VLJQDO�� UDWKHU� WKDQ� D� 5D\OHLJK� VLJQDO�� .� FDQ� EH� PDGH� QRQ�]HUR�

>6DXQG��@��7KH�KLJKHU�.� LV�� WKH� OHVV� IDGLQJ� WKHUH�ZLOO�EH�EHFDXVH� WKH�PDLQ� VLJQDO�ZLOO�EH�PRUH�

SUHGRPLQDQW��$�IXUWKHU�SRLQW�WR�QRWH�LV�WKH�IUHTXHQF\�VKLIWLQJ�IDFWRU� WIM GH p� ��ZKLFK�LV�HVVHQWLDOO\�D�

SKDVH�VKLIW��GXH�WR�WKH�'RSSOHU�VKLIW�IUHTXHQF\��IG��LQ�+]�DW�WLPH�W�>6DXQG��@��,I�D�5D\OHLJK�VLJQDO�

LV�QRW�UHTXLUHG��.�FDQ�EH�PDGH�]HUR��,Q�WKH�FDVH�RI�QRQ�XQLIRUP�DQJOH�RI�DUULYDOV��.�ZLOO�QRW�EH�

]HUR�DQG�VR�DQ�DSSURSULDWH�.�IDFWRU�ZLOO�EH�UHTXLUHG��

���� &ULWHULD�IRU�QXPEHU�RI�VRXUFH�DQWHQQDV�

7KH� FRUUHFW� QXPEHU� RI� VRXUFH� DQWHQQDV� VHOHFWHG� LV� HVVHQWLDO� VLQFH� WKHUH� FDQ� EH� HLWKHU� WRR� IHZ�

DQWHQQDV�VXFK�WKDW�WKHUH�LV�QRW�VXLWDEOH�UHVROXWLRQ�RI�WKH�$2$�GLVWULEXWLRQ�ZKLOH�DW�WKH�VDPH�WLPH�

WKHUH�PD\�EH�WRR�PDQ\�WKDW�WKH\�GR�QRW�EHQHILW�WKH�V\VWHP�DQ\�IXUWKHU��ZKLFK�LV�XQHFRQRPLFDO�DQG�

XQQHFHVVDU\���,W�ZLOO�EH�VKRZQ�WKDW�DV� WKH��G%�EHDPZLGWK�RI�DQWHQQD�DW� WKH�PRELOH�LV�JHQHUDOO\�

ZLGH��WKHQ�WKLV�OLPLWV�WKH�QXPEHU�RI�VRXUFHV�QHHGHG��7R�VWDUW�ZLWK��LW�ZLOO�EH�FRQVLGHUHG�KRZ�PDQ\�

DQWHQQDV�QHHG�WR�EH�SODFHG�DURXQG�WKH�PRELOH�LQ�D]LPXWK��QRW�MXVW�QHFHVVDULO\�IRU�XQLIRUP�$2$�

EXW�DQ\�RWKHU�PRGHO�EXW�IRU�VFHQDULRV�OLNH�RXWGRRU�WR�LQGRRU�DQG�5LFHDQ�HQYLURQPHQWV��)ROORZLQJ�

WKLV�WKH�HOHYDWLRQ�DQJOH�RI�DUULYDO�ZLOO�EH�FRQVLGHUHG���

������ &ULWHULD�IRU�D]LPXWK�DQJOH�RI�DUULYDO�

7KH�EHDPZLGWK�RI� WKH�DQWHQQD�XQGHU�WHVW�KDV�D�JUHDW� LPSDFW�RQ�WKH�QXPEHU�RI�DQWHQQDV�FKRVHQ��

7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH�����D��ZKHUH�WZR�VRXUFH�DQWHQQDV��$�DQG�%��QRW�QHFHVVDULO\�UDGLDWLQJ�

WKH�VDPH�SRZHU��FDQ�EH�FRQVLGHUHG�WKH�VDPH�DV�D�VLQJOH�VRXUFH�DQWHQQD��&�LQ�)LJXUH�����E��JLYLQJ�

D�SRZHU�OHYHO�WKH�VDPH�DV�WKH�WZR�DQWHQQDV��$�DQG�%�SXW�WRJHWKHU��7KHUHIRUH�ZKHQ�WKH�EHDPZLGWK�

LV�ZLGH��WKH�DQWHQQD�KDV�QR�ZD\�RI�GLIIHUHQWLDWLQJ�EHWZHHQ�WZR�LQFRPLQJ�VLJQDOV�WKDW�DUH�ZLWKLQ�

WKH�ZLGWK�RI�WKH�EHDP�VLQFH�WKH�UHVXOWDQW�SRZHU�LV�WKH�VDPH��,I�WKH�SKDVH�ZDV�GLIIHUHQW�DW�WKH�WZR�

SRLQWV��LW�ZRXOG�EH�SRVVLEOH�IRU�VLJQDOV�$�DQG�%�WR�EH�GLIIHUHQWLDWHG�VLQFH�WKH�UHDO�DQG�LPDJLQDU\�

SDUWV�ZRXOG�DGG�XS� WRJHWKHU�GLIIHUHQWO\�� ,Q�VXPPDU\��ZKHQ� WKHUH� LV�D�ZLGH�EHDPZLGWK� IRU�ERWK�

JDLQ�DQG�SKDVH��WKHUH�ZLOO�EH�D�PD[LPXP�QXPEHU�RI�VRXUFH�DQWHQQDV�UHTXLUHG��

�
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)LJXUH�����'LDJUDP�VKRZLQJ�KRZ�ZLGH�DQWHQQD�EHDPZLGWKV�RQ�DQWHQQDV�FDQQRW�GLIIHUHQWLDWH�

EHWZHHQ�WZR�VLJQDOV�ZLWK�FORVH�DQJXODU�VSDFLQJ�

7KHUHIRUH��GHSHQGLQJ�RQ�WKH�EHDPZLGWK�IRU�ERWK�JDLQ�DQG�SKDVH��DQ�DSSURSULDWH�QXPEHU�RI�VRXUFH�

DQWHQQDV�QHHGV�WR�EH�FKRVHQ��1DUURZ�EHDPZLGWKV�ZLOO�UHTXLUH�D�ODUJH�QXPEHU�RI�VRXUFH�DQWHQQDV�

ZKHUH�DV�ZLGH�EHDPZLGWKV�RI����R��RU�RPQL�GLUHFWLRQDO�SDWWHUQV��RQO\�UHTXLUH�RQH�VRXUFH�DQWHQQD��

$�FULWHURQ�WKHUHIRUH�QHHGV�WR�EH�VHW�RQ�WKH�QXPEHU�RI�VRXUFH�DQWHQQDV�EDVHG�RQ�WKH�EHDPZLGWK��

)LJXUH� ���� LOOXVWUDWHV� D� VLPSOH� SULQFLSOH� WKDW� ZRXOG� VXJJHVW� DQ� DSSURSULDWH� FULWHULD�� ,I� WKH� �G%�

EHDPZLGWK��%:��RI�DQ\�DQWHQQD�OREH�LQ�)LJXUH�����LV�QDUURZ�HQRXJK�WKDW�WKH�JDLQ�KDV�DW�OHDVW��G%�

GLIIHUHQFH�DW� WKH� WZR�SRLQWV� WKHQ� LW� LV� UHDVRQDEOH� WR�DVVXPH� WKDW� LW� FDQ�GHWHUPLQH� WKH�GLIIHUHQFH�

EHWZHHQ�WKH�WZR�VRXUFH�DQWHQQDV�VHSDUDWHG�E\�DQJOH�J��7KHUHIRUH��LI�WKH�EHDP�ZDV�GLUHFWHG�IURP�

RQH�VRXUFH�DQWHQQD�WR�WKH�QH[W�LW�ZRXOG�LGHQWLI\�WKH�WZR�LQFRPLQJ�VLJQDOV�ZHUH�SUHVHQW��%DVHG�RQ�

WKLV�SULQFLSOH��WKH�IROORZLQJ�FULWHULD�ZRXOG�DSSO\��

�
%:

>J � ������

7KLV�FRXOG�DSSO\�DOVR�WR�WKH�SKDVH�DOWKRXJK�%:�ZRXOG�EH�VXEVWLWXWHG�IRU�WKH�EHDP�RYHU�ZKLFK�WKH�

SKDVH� UHGXFHV� E\� ��R�� 7KHUHIRUH� %:� QHHGV� WR� EH� XVHG� DV� WKH� �G%� EHDPZLGWK� DQG� WKH� ��R�

EHDPZLGWK�WR�GHWHUPLQH�WKH�QXPEHU�RI�DQWHQQDV�IURP�WKH�IROORZLQJ�IRUPXODH���

Ü
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7KLV�DVVXPHV�WKDW�WKH�DQWHQQDV�DUH�HTXDOO\�VSDFHG�LQ�WKH�D]LPXWK�GRPDLQ��7KH�IXQFWLRQ�³GLY´�LV�DQ�

LQWHJHU�GLYLGH� IXQFWLRQ��ZKLFK�ZLOO� UHWXUQ� WKH�GLYLVLRQ�RI�����DQG�%:��� URXQGHG� WR� WKH�QHDUHVW�

ZKROH�QXPEHU��,I�WKHUH�LV�QR��G%�EHDPZLGWK��L�H��WKH�DQWHQQD�LV�YHU\�RPQL�GLUHFWLRQDO��WKHQ�1� ���

ZRXOG�EH�UHTXLUHG�VLQFH�LW�ZRXOG�QRW�PDWWHU� WR�WKH�DQWHQQD�XQGHU�WHVW�ZKHUH�WKH�VRXUFH�DQWHQQD�

ZDV��
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)LJXUH�����'LDJUDP�VKRZLQJ�KRZ�D�QDUURZ�EHDP�ZLOO�GHWHUPLQH�WKH�GLIIHUHQFH�EHWZHHQ�WZR�VRXUFH�

DQWHQQDV�

������ &ULWHULD�IRU�HOHYDWLRQ�DQJOH�RI�DUULYDO�

7KLV�SULQFLSOH�FDQ�EH�DSSOLHG�LQ�HOHYDWLRQ�DV�ZHOO�DIWHU�PDNLQJ�VRPH�DGMXVWPHQWV��7R�EHJLQ�ZLWK��

WKH� HOHYDWLRQ� SDWWHUQ� RI� WKH� DQWHQQD� LQ� WKLV� LQVWDQFH� ZRXOG� EH� FRQVLGHUHG� DV� RSSRVHG� WR� WKH�

D]LPXWK�SDWWHUQ��)XUWKHU� WR�WKLV��RQO\�D�VHPL�FLUFOH� IURP��R�WR����R�QHHG�EH�FRQVLGHUHG�DIWHU� WKH�

D]LPXWK�KDV�DOUHDG\�EHHQ�FRQVLGHUHG��7KHUHIRUH��LQ�WKLV�VLWXDWLRQ��WKH�HTXDWLRQ�EHFRPHV��

�
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ZKHUH�%:�WKLV�WLPH�LV�WKH��G%�EHDPZLGWK�RU�WKH���R�DV�EHIRUH�LQ�HOHYDWLRQ��$Q�H[WUD�DQWHQQD�LV�

DGGHG�VR�WKHUH�LV�RQH�DW������DV�ZHOO�DV������

7KLV�ZRXOG�ZRUN�LQ�SUDFWLFH�LI�WKH�HOHYDWLRQ�DQJOH�RI�DUULYDO�ZDV�XQLIRUP�DOWKRXJK�WKLV�LV�QRUPDOO\�

QRW� WKH�FDVH�VR�IXUWKHU�DGGLWLRQV�QHHG�WR�EH�PDGH��,Q�WKH�FDVH�RI�D�*DXVVLDQ�HOHYDWLRQ�$2$�IRU�

H[DPSOH�� WKH� LQFRPLQJ� VLJQDOV� DUH� QHJOLJLEOH� EHWZHHQ� �R���R� DQG� DOVR� ���R����R�� 7KHUHIRUH�

UHGXQGDQF\� FRPHV� DERXW� IRU� WKHVH� VRXUFH� DQWHQQDV� VLQFH� WKH\� ZRXOG� QRW� DGG� DQ\� VLJQLILFDQW�

FRQWULEXWLRQV��7KHUHIRUH�WKH�QXPEHU�RI�VRXUFH�DQWHQQDV�IRU�HOHYDWLRQ�DUH�OHVV��6HWWLQJ�WKH�FULWHULD�

ZLWKLQ� WKH� OLPLWHG� DQJOH� RI� DUULYDO� ZLQGRZ� FDQ� FRQVHTXHQWO\� EHFRPH� FRPSOLFDWHG� DQG�

H[SHULPHQWDWLRQ�LV�UHTXLUHG�DV�ZLOO�EH�VKRZQ�ODWHU��
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������ $QJOH�RI�DUULYDO�IRU�XUEDQ�IDGLQJ�HQYLURQPHQW�

$SSO\LQJ� WKH� DERYH� SULQFLSOHV� WR� DQ� XUEDQ� IDGLQJ� HQYLURQPHQW�ZLWK� XQLIRUP� D]LPXWK� DQJOH� RI�

DUULYDO�DQG�*DXVVLDQ�HOHYDWLRQ�DQJOH�RI�DUULYDO�FDQ�EH�FDUULHG�RXW�HDVLO\�HQRXJK�RQFH�WKH�W\SLFDO�

EHDPZLGWK�WKDW�PRELOH�WHUPLQDO�DQWHQQDV�JHQHUDOO\�JR�GRZQ�WR�LV�GHFLGHG��,Q�WKLV�VLWXDWLRQ�WKH�.�

IDFWRU�LQ�)LJXUH�����LV�]HUR�VR�WKH�FRPSOH[LW\�RI�WKH�G\QDPLF�IDGLQJ�JHQHUDWRU�LV�UHGXFHG��0RELOH�

WHUPLQDOV�W\SLFDOO\�DUH�JHQHUDOO\�RPQL�GLUHFWLRQDO�LQ�D]LPXWK�DQG�LQ�HOHYDWLRQ�WKH\�ZRXOG�XVXDOO\�

KDYH�ZLGH�EHDPZLGWKV��,W�ZLOO�EH�DVVXPHG�KHUH�WKDW����R�ZRXOG�W\SLFDOO\�EH�DV�QDUURZ�DV�D�PRELOH�

WHUPLQDO� DQWHQQD� SDWWHUQ� ZRXOG� JHW� LQ� DQ\� LQVWDQFH�� 7KHUHIRUH� WKH� SURSRVDO� ZLOO� EH� OLPLWHG� WR�

DQWHQQDV�ZLWK�EHDPZLGWKV�WKDW�JR�WKLV�QDUURZ��

)RU����R�EHDPZLGWK�� WKH�QXPEHU�RI�VRXUFHV�LQ�D]LPXWK�ZRXOG�QHHG�WR�EH����,Q�HOHYDWLRQ�� LI���R�

PHDQ� DQG� ���� VWDQGDUG� GHYLDWLRQ� LV� FKRVHQ�� WKH� PD[LPXP� QXPEHU� RI� DQWHQQDV� WKDW� FRXOG� EH�

QHHGHG�ZLWKLQ�WKLV�UDQJH�LV���DV�ZLOO�EH�VKRZQ�ODWHU�IURP�H[SHULPHQWDWLRQ��7KLV�ZRXOG�WKHUHIRUH�

DPRXQW� WR���� VRXUFH�DQWHQQDV� DQG� WKHUHIRUH����QRLVH� VRXUFHV� WR�DFFRXQW� IRU�ERWK�SRODULVDWLRQV��

6XFK�D�VWUXFWXUH�LV�QRW�HFRQRPLFDO�EXW�LPSURYHPHQWV�FDQ�EH�PDGH�IXUWKHU�WR�RYHUFRPH�WKLV��

��������0HWKRG�WR�LPSURYH�WKH�HFRQRPLF�OLPLWV�

,Q�D]LPXWK��QRW�DOO� WKH�VRXUFHV�QHHG� WR�EH� WUDQVPLWWHG�DW� WKH�VDPH� WLPH�� ,I�RQO\�RQH�VRXUFH�ZDV�

XVHG� LQ� HOHYDWLRQ�� WKH� VHYHQ� D]LPXWK� VRXUFHV� FRXOG� EH� DFFRXQWHG� IRU� ZLWK� RQH� VRXUFH� DQWHQQD�

XVLQJ�D� WXUQWDEOH�VKRZQ�LQ�)LJXUH������$�QRLVH�VRXUFH�FDQ�EH�UDGLDWHG�DW� WKH�ILUVW� ORFDWLRQ�IRU�D�

JLYHQ� WLPH� WR�REWDLQ�VXIILFLHQW� VDPSOHV� IRU�DQDO\VLV��)ROORZLQJ� WKLV� WKH� WXUQWDEOH�FDQ�EH� URWDWHG�

����R�ZKHUH� WKH�QH[W� VRXUFH�ZLWK� WKH� VDPH� WLPH�GXUDWLRQ�FDQ�EH� WUDQVPLWWHG�DJDLQ��7KLV� FDQ�EH�

UHSHDWHG� WR�FRYHU� WKH� UHPDLQLQJ���SRLQWV�DQG� WKHQ� WKH��� VWUHDPV�RI�GDWD�FDQ�EH�DGGHG� WRJHWKHU��

ZKLFK�ZLOO�JLYH�WKH�VDPH�RXWSXW�DW�WKH�PRELOH�DV�LI�WKH���VRXUFHV�ZHUH�UDGLDWHG�DQG�DGGHG�XS�DW�WKH�

VDPH�WLPH��

7KLV� PHWKRG� ZLOO� RQO\� ZRUN� LI� WKH� �� VRXUFHV� DUH� LQGHSHQGHQW� �L�H�� FRPSOHWHO\� XQFRUUHODWHG���

7KHUHIRUH� D� PLQLPXP� 'RSSOHU� VKLIW� LV� UHTXLUHG�� ZKLFK� ZLOO� FDXVH� WKH� IDGLQJ� VLJQDOV� WR� YDU\�

UDSLGO\�HQRXJK�VXFK�WKDW�ZKHQ�WKH\�JHW�WR�WKH�QH[W�VRXUFH�WKH\�ZLOO�EH�XQFRUUHODWHG�LQ�WLPH��)URP�

VLPXODWLQJ�D�PRELOH�IDGLQJ�VLJQDO��ZLWK�D�YHORFLW\�RI��NPK����LW�FDQ�EH�VKRZQ�LQ�)LJXUH�����WKDW�

DIWHU��� VHFRQG�� WKH�DXWRFRUUHODWLRQ� LV�QHJOLJLEOH��7KLV�KDV�EHHQ�FDUULHG�RXW� IRU���VHWV�RI� UDQGRP�

VDPSOHV� WR�YHULI\� WKH�FRUUHODWLRQ� LV� W\SLFDO�� ,W�ZRXOG� WDNH�PRUH� WKDQ��� VHFRQG� WR� UHDFK� WKH�QH[W�

VRXUFH�SRLQW�VR�WKHUHIRUH�ZKHQ�LW�GRHV��WKH�VLJQDO�ZLOO�EH�QRW�FRUUHODWHG�DV�UHTXLUHG��

�

�����������������������������������������������������

��6RXUFH�FRGH�WR�VLPXODWH�&ODVVLFDO�'RSSOHU�VSUHDG�VXSSOLHG�E\�'U�6�6DXQGHUV��8QLYHUVLW\�RI�6XUUH\��
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)LJXUH�����,OOXVWUDWLRQ�RI�KRZ�WR�URWDWH�D�PRELOH�DQG�WDNH�LQGHSHQGHQW�IDGLQJ�VLJQDOV�DW���SRLQWV�
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6DPSOH�VHW��
6DPSOH�VHW��
6DPSOH�6HW��
6DPSOH�6HW��

�

)LJXUH�����'LDJUDP�VKRZLQJ�DXWRFRUUHODWLRQ�RYHU�WLPH�GHOD\�IRU�QRLVH�VDPSOHV�

8VLQJ� WKLV� PHWKRG� UHGXFHV� WKH� QXPEHU� RI� UHTXLUHG� VRXUFH� DQWHQQDV� VLJQLILFDQWO\�� 6RPH�

FRQIRUPDQFH�PHDVXUHPHQWV��KRZHYHU��XQGHUWDNLQJ�VXFK�WHVWV�PD\�UHTXLUH�DOO�WKH�VRXUFH�DQWHQQDV�

WR�UDGLDWH�VLPXOWDQHRXVO\�VR�LWV�DSSOLFDWLRQ�PD\�EH�OLPLWHG��

���� 7HVW�6LPXODWLRQV�IRU�8QLIRUP�$]LPXWK�$QJOH�RI�$UULYDO�

7R� LQYHVWLJDWH� WKH� YDOLGLW\� RI� WKH� SURSRVDO�� VRPH� WHVW� VLPXODWLRQV�ZHUH� FDUULHG� RXW� LQ� ERWK� WKH�

KRUL]RQWDO�DQG�YHUWLFDO�SODQH�WR�VHH�LI�VXIILFLHQWO\�DFFXUDWH�UHVXOWV�FRXOG�EH�DFKLHYHG��7KH�UHVXOWV�

DOVR�VKRZ�FRPSDULVRQV�ZLWK�GLIIHUHQW�QXPEHUV�RI�VRXUFHV�WR�VKRZ�KRZ�DFFXUDF\�LV�DIIHFWHG��
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�
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������ 6LPXODWLRQV�IRU�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ�

%\� XVLQJ� �� LQGHSHQGHQW� IDGLQJ� VRXUFHV�� WKH\� ZHUH� DSSOLHG� WR� VLPXODWH� KRUL]RQWDO� VSDWLDO�

FRUUHODWLRQ�WR�VHH�LI�WKH\�ZRXOG�\LHOG�WKH�FRUUHFW�UHVXOWV�LQ�FRPSDULVRQ�WR�WKH�WKHRU\��$OO�VRXUFHV�

ZHUH�HOHYDWHG���R� DERYH� WKH�KRUL]RQWDO� WR� VHH� LI� WKH� VDPH�FRUUHODWLRQ�ZLWK�D���R�PHDQ�$2$� LQ�

HOHYDWLRQ�FRXOG�EH�UHSOLFDWHG��$IWHU�DSSO\LQJ�DSSURSULDWH�SKDVHV�WR�HDFK�RI�WKH�IDGLQJ�VRXUFHV��WKH�

FRUUHODWLRQ�FRXOG�EH�FDOFXODWHG�YHUVXV�KRUL]RQWDO�VSDFLQJ�EHWZHHQ�WZR�SRLQWV�LQ�VSDFH��G��

,Q� )LJXUH� ���� VXIILFLHQW� FRQVLVWHQF\� ZLWK� WKH� WKHRUHWLFDO� FRPSOH[� FRUUHODWLRQ� LV� IRXQG� IRU�

KRUL]RQWDO�FRUUHODWLRQ�ZKHQ�SKDVH� WDSV�DUH�DSSOLHG�DSSURSULDWHO\� WR�HDFK�IDGLQJ�VRXUFH��7KH� WHVW�

ZDV�FDUULHG�RXW� IRU� OHVV� WKDQ���VRXUFHV�DV�ZHOO� VR� LW�FDQ�EH�VHHQ�KRZ�DFFXUDF\� LPSURYHV�DV� WKH�

QXPEHU�RI�VRXUFHV�DUH�LQFUHDVHG��

����

����

�

���

���

���

���
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G ��:DYHOHQJWKV�
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�

7KHRU\
��6RXUFH
��6RXUFHV
��6RXUFHV
��6RXUFHV
��6RXUFHV

�

)LJXUH�����*UDSK�VKRZLQJ�FRPSDULVRQV�RI�FRUUHODWLRQ�YHUVXV�KRUL]RQWDO�GLVWDQFH�ZLWK�GLIIHUHQW�

QXPEHUV�RI�IDGLQJ�VRXUFHV�

������ 6LPXODWLRQV�IRU�SRODULVDWLRQ�FRUUHODWLRQ�

�$SSO\LQJ�SRODULVDWLRQ�ZHLJKWLQJV�WR�IDGLQJ�VLJQDOV�LQ�WKH�YHUWLFDO�DQG�KRUL]RQWDO�SODQH��ZLWK��G%�

;35���WKH�SRODULVDWLRQ�GLYHUVLW\�FRXOG�EH�FRPSDUHG�ZLWK�WKHRUHWLFDO�DOVR��)LJXUH�����VKRZV�WKHUH�

LV�VXLWDEOH�FRQVLVWHQF\�ZKHQ�WKH�KRUL]RQWDO�SRODULVDWLRQ�LV�DWWHQXDWHG�E\��G%�WR�PDLQWDLQ�WKH�VDPH�

FURVV�SRODU�FRXSOLQJ�DV�LV�DVVXPHG�LQ�WKH�WKHRU\��6HYHQ�VRXUFHV�ZHUH�DOVR�DSSOLHG�LQ�WKLV�FDVH�DV�

ZLWK�WKH�KRUL]RQWDO�VSDWLDO�FRUUHODWLRQ��

�
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6LPXODWLRQ
7KHRUHWLFDO

�

)LJXUH�����*UDSK�VKRZLQJ�SRODULVDWLRQ�FRUUHODWLRQ�IURP�VLPXODWLRQV�FRPSDUHG�ZLWK�WKHRU\�

���� )XUWKHU� :RUN� ±� 7HVW� 6LPXODWLRQV� IRU� 1RQ�8QLIRUP� $QJOH� RI�

$UULYDO�

7KH� UHVXOWV� LQ� WKH� SUHYLRXV� VHFWLRQ� ZHUH� VXFFHVVIXO� EHFDXVH� WKH\� DUH� QRW� GHSHQGHQW� RQ� WKH�

HOHYDWLRQ�DQJOH�RI�DUULYDO��ZKLFK� LV�QRQ�XQLIRUP��7KHUHIRUH�� LW� LV� UHDVRQDEO\�VLPSOH� WR�XVH� WKH���

IDGLQJ� VRXUFHV� DV� DUUDQJHG��$SSO\LQJ� WKH� VHWXS� WR�YHUWLFDOO\� VSDFHG�SRLQWV� DQG� DQJXODU� DQWHQQD�

SDWWHUQV� LV� D� GLIIHUHQW� FDVH� DQG� PRUH� FRPSOH[� VLQFH� WKH� *DXVVLDQ� HOHYDWLRQ� $2$� LV� LQYROYHG��

+HUH��WKH�5D\OHLJK�6RXUFHV�ZRXOG�QRW�EH�VXLWDEOH�DQG�D�.�IDFWRU�ZRXOG�EH�LQYROYHG�WKDW�LV�QRQ�

]HUR��

,W�LV�WKHUHIRUH�DW�WKLV�SRLQW�ZKHUH�H[WHQVLYH�H[SHULPHQWDWLRQ�LV�UHTXLUHG�WKDW�LV�EH\RQG�WKH�VFRSH�RI�

WKLV�WKHVLV��$SSURSULDWH�.�IDFWRUV�ZLOO�QHHG�WR�EH�IRXQG�IRU�GLIIHUHQW�DQJOH�RI�DUULYDO�HQYLURQPHQWV�

ZLWK�DQ�DSSURSULDWH�QXPEHU�VRXUFH�DQWHQQDV�SRVLWLRQHG�DQG�ZHLJKWHG�DV�QHFHVVDU\�WR�VLPXODWH�DQ�

DSSURSULDWH� IDGLQJ�HQYLURQPHQW��7KHUH�DUH�GLIIHUHQW�DQJOH�RI�DUULYDO�PRGHOV� WKDW�ZLOO�EH�XVHG� LQ�

WKH� IXWXUH� IRU�5LFHDQ�GLVWULEXWLRQV�DQG�RXWGRRU� WR� LQGRRU�SURSDJDWLRQ�PRGHOV� WKDW� WKH� VLPXODWRU�

ZLOO�QHHG�WR�EH�DGDSWDEOH�WR��

���� &RQFOXVLRQV�

$� SURSRVDO� IRU� D� VLPXODWRU� RI� D� PRELOH� IDGLQJ� HQYLURQPHQW� WKDW� SURYLGHV� IOH[LELOLW\� EHWZHHQ�

GLIIHUHQW� $2$� DQG�;35� HQYLURQPHQWV� KDV� EHHQ� SUHVHQWHG�� ,WV� SXUSRVH� ZRXOG� EH� WR� XQGHUWDNH�
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FRQIRUPDQFH�RU�YHULILFDWLRQ� WHVWV� IRU�SURWRW\SH�GLYHUVLW\�DQWHQQDV� WKDW�ZRXOG�SURYLGH�UHSHDWDEOH�

UHVXOWV�ZLWK�HDVH�LQ�FRQWUDVW�WR�UHDO�WLPH�SURSDJDWLRQ�PHDVXUHPHQWV���

6LPXODWLRQV� ZHUH� FDUULHG� RXW� WR� YHULI\� WKH� YDOLGLW\� IRU� XQLIRUP� DQJOH� RI� DUULYDO� LQ� WKH� FDVH� RI�

KRUL]RQWDO� DQG� VSDWLDO� GLYHUVLW\� DV� ZHOO� DV� SRODULVDWLRQ� GLYHUVLW\�� ,QGLFDWLRQV� YHULI\� WKDW� WKH�

VLPXODWRU�JLYHV�VXLWDEOH�UHVXOWV�FRPSDUHG�WR�WKH�WKHRU\��ZKHQ�WKHUH�DUH���VRXUFHV�LQ�D]LPXWK��,Q�

RWKHU�FDVHV�ZKHUH�WKH�*DXVVLDQ�HOHYDWLRQ�$2$�KDV�WR�EH�FRQVLGHUHG�IXUWKHU�ZRUN�LV�QHFHVVDU\��

7KH�IHDVLELOLW\�RI�WKLV�IDFLOLW\�GHSHQGV�RQ�ILQGLQJ�WKH�DSSURSULDWH�.�IDFWRUV�UHTXLUHG�WR�DSSO\�WR�WKH�

G\QDPLF�IDGLQJ�JHQHUDWRUV�DORQJ�ZLWK� WKH�DSSURSULDWH�SRVLWLRQLQJ�DQG�ZHLJKWLQJ� WR�DSSO\� WR� WKH�

VRXUFH�DQWHQQDV��)ROORZLQJ�WKLV�LW�ZLOO�DOORZ�WKH�IDGLQJ�VLPXODWRU�WR�XQGHUWDNH�PXOWLSOH�WHVWV�RQ�D�

PRELOH�WHUPLQDO�LQ�D�ZLGH�UDQJH�RI�IDGLQJ�HQYLURQPHQWV�LQ�D�UHODWLYHO\�VKRUW�VSDFH�RI�WLPH��

�

�
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&KDSWHU���

�� &RQFOXVLRQV�DQG�)XUWKHU�:RUN�

$� QHZ� PHWKRG� IRU� PRGHOOLQJ� DQG� HYDOXDWLQJ� GLYHUVLW\� DW� WKH� PRELOH� KDV� EHHQ� SUHVHQWHG��

&RQVLGHUDWLRQV�RI�DQJOH�RI�DUULYDO�DQG�FURVV�SRODU�FRXSOLQJ�UDWLR�LQ�WKH�PRELOH�IDGLQJ�HQYLURQPHQW�

KDYH� EHHQ� WDNHQ� LQWR� DFFRXQW�� 6FHQDULRV� UHJDUGLQJ� WKH� DQWHQQDV� KDYH� DOVR� EHHQ� FRQVLGHUHG�

LQFOXGLQJ� WKH� LQSXW� LPSHGDQFHV��PXWXDO�FRXSOLQJ�DQG� ORZHU�GLUHFWLYLW\� ILHOG�SDWWHUQV��)XUWKHU� WR�

WKLV� WKH� HIILFLHQF\� RI� WKH� DQWHQQDV�QHHG� WR�EH� WDNHQ� LQWR� DFFRXQW�ZKHQ� LQ� WKH� SUHVHQFH�RI� HDFK�

RWKHU��ZKLFK� KDV� WR� EH� RSWLPXP� DV�ZHOO� DV� WKH� DFWXDO� GLYHUVLW\� SHUIRUPDQFH�� 7KH� QHZ�PHWKRG�

DOORZV�WKH�GHVLJQHU�WR�HYDOXDWH�WKH�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRQWULEXWLRQV��EHLQJ�WKH�PDLQ�

DVSHFWV� RI� DQWHQQD� GLYHUVLW\�� .QRZOHGJH� RI� WKH� GLYHUVLW\� FRQWULEXWLRQV� DQG� WKH� DQWHQQD� ILHOG�

SDWWHUQV�ZLOO�DOORZ�WKH�GHVLJQHU�WR�LQWHUSUHW�ZK\�WKH�DQWHQQDV�KDYH�GLYHUVLW\�DQG�H[SHULPHQW�ZLWK�

WKH�UHVXOWV� IURP�GLIIHUHQW�DQWHQQD�GHVLJQV�RU�FRQILJXUDWLRQV�WR�RSWLPLVH�WKH�ILQDO�GHVLJQ��ERWK�LQ�

WHUPV�RI�GLYHUVLW\�DQG�HIILFLHQF\��2SWLPXP�SHUIRUPDQFH�ZLOO�GHSHQG�RQ�ORZ�FRUUHODWLRQ��VLPLODU�

0(*� EHWZHHQ� WKH� WZR� EUDQFKHV� DQG� FRPSDUDEOH�0(*�ZLWK� D� FKRVHQ� VLQJOH� EUDQFK� UHIHUHQFH�

VXLWHG�WR�WKH�DSSOLFDWLRQ���([DPSOH�DSSOLFDWLRQV�KDYH�EHHQ�SUHVHQWHG�RI�WKH�HYDOXDWLRQ�PHWKRG�WR�

VKRZ�KRZ�GLYHUVLW\�ZRUNV�LQ�UHDO�FDVH�VFHQDULRV�EHLQJ�WKDW�RI�D�PRELOH�KDQGVHW�DQG�DQ�,QWHOOLJHQW�

4XDGULILODU�+HOL[�$QWHQQD��,4+$���,Q�PDQ\�FDVHV�DW�WKH�PRELOH�WHUPLQDO��DQJXODU�GLYHUVLW\�KDV�D�

VLJQLILFDQW�UROH��DOWKRXJK�WKHUH�LV�VWLOO�VFRSH�IRU�ERWK�VSDWLDO�DQG�SRODULVDWLRQ�FRQWULEXWLRQV��

���� 'LVWLOODWLRQ�

,Q� WKH� EDFNJURXQG� WKHRU\� LQ� FKDSWHU� ��� WKH� FRQFHSW� RI� GLYHUVLW\� UHFHLYHUV� LV� RXWOLQHG� ZLWK�

GHILQLWLRQV�JLYHQ�IRU�QRWDWLRQV�LQFOXGLQJ�GLYHUVLW\�JDLQ��FRPSOH[�DQG�HQYHORSH�FRUUHODWLRQ��)XUWKHU�

WR�WKLV��WKH�HIIHFWV�RI�FRUUHODWLRQ�DQG�XQHTXDO�PHDQ�EUDQFK�SRZHU�DUH�RXWOLQHG�LQ�D�PRELOH�IDGLQJ�

HQYLURQPHQW��,PSRUWDQFH�RI�HIILFLHQF\�FRQVLGHUDWLRQV�DW�WKH�PRELOH�DUH�DOVR�DGGUHVVHG��*LYHQ�WKDW�

HYDOXDWLQJ�DQ�DSSURSULDWH�DQJOH�RI�DUULYDO�PRGHO�LV�EH\RQG�WKH�VFRSH�RI�WKLV�WKHVLV��DQ�DSSURSULDWH�

PRGHO� KDG� WR� EH� FKRVHQ�� ZKLFK� IURP� WKH� OLWHUDWXUH� VXUYH\HG� ZDV� DVVXPHG� WR� EH� XQLIRUP� LQ�

D]LPXWK�DQG�*DXVVLDQ� LQ�HOHYDWLRQ�DOWKRXJK� LW� LV�HYLGHQW� WKDW� WKLV� LV�E\�QR�PHDQV� OLNHO\� WR�EH�D�

VWDQGDUG�PRGHO� LQ� WKH� IXWXUH� RI�PRELOH� FRPPXQLFDWLRQV��7KLV�ZDV� RQO\� VXLWHG� WR� XUEDQ�PRELOH�

HQYLURQPHQWV� DQG� RWKHU�PRGHOV�ZLOO� QHHG� WR� EH� UHVHDUFKHG� LQ� WKH� IXWXUH�ZLWK� VWDQGDUGV� VHW� IRU�
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RWKHU� PRELOH� HQYLURQPHQWV�� ([DPSOHV� RI� W\SLFDO� GLYHUVLW\� DQWHQQDV� ZHUH� DOVR� VXPPDULVHG� WR�

GHWHUPLQH�WKH�W\SH�RI�DQWHQQDV�WKDW�VXFK�DQ�HYDOXDWLRQ�PHWKRG�ZRXOG�EH�XVHG�IRU��

+DYLQJ� HVWDEOLVKHG� WKH� DSSURSULDWH� EDFNJURXQG� WKHRU\� LQ� FKDSWHU� ��� FKDSWHU� �� SUHVHQWV�

PDWKHPDWLFDO� DQDO\VLV� RI� WKH� QHZ�PRGHOV� IRU� VSDWLDO�� DQJXODU� DQG� SRODULVDWLRQ� GLYHUVLW\� KDYLQJ�

HVWDEOLVKHG�WKH�WKHRU\�EHKLQG�DQWHQQD�LPSHGDQFH�DQG�PXWXDO�FRXSOLQJ��3RODULVDWLRQ�GLYHUVLW\�IRU�

WKH�IDGLQJ�HQYLURQPHQW�LV�SUHVHQWHG�EDVHG�RQ�WZR�UHODWLYH�SRODULVDWLRQV�LQ�VSDFH��)URP�WKLV�LW�ZDV�

VKRZQ�WKDW� WKH�EHVW�GLYHUVLW\�UHFHLYHU�SHUIRUPDQFH�FRPHV� IURP�DURXQG� WKH������R�FRQILJXUDWLRQ�

IRU�ORZ�FRUUHODWLRQ�DQG�HTXDO�PHDQ�EUDQFK�SRZHU�DOWKRXJK�WKLV�GRHV�FRPH�DW�WKH�H[SHQVH�RI�ORVV�

LQ�0(*��'XH� WR� WKLV� WKH� DFWXDO� RXWSXW� IURP� WKH� UHFHLYHU� KDV� D� PDUJLQDO� LPSURYHPHQW� DW����R�

FRQILJXUDWLRQ��7KHUHIRUH�D�FRPSURPLVH�LV�QHFHVVDU\��&KDUDFWHULVDWLRQ�RI�WKH�SRODULVDWLRQ�GLYHUVLW\�

LQ�D�IDGLQJ�HQYLURQPHQW�LV�DOVR�VKRZQ�LQ�WHUPV�RI�KRZ�WKH�DQWHQQDV�ZRXOG�DIIHFW�WKH�PHDVXUHPHQW�

UHVXOWV�� 7KH� PRGHO� ZDV� DOVR� H[SDQGHG� WR� FRQVLGHU� WKH� WKLUG� SRODULVDWLRQ�� ZKLFK� ZRXOG� EH�

DSSOLFDEOH�ZKHQ�WKHUH�LV�QRQ�XQLIRUP�$2$�LQ�D]LPXWK��

$�QHZ�PRGHO� IRU� VSDWLDO� FRUUHODWLRQ�ZDV�SUHVHQWHG��EDVHG�RQ� WKH�KRUL]RQWDO� VSDFLQJ��G�� DQG� WKH�

YHUWLFDO�VSDFLQJ��K��,W�LV�SRVVLEOH�WKDW�WKHUH�ZLOO�EH�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�

DW�WKH�PRELOH�ZKHQ�QRUPDOO\�RQO\�YHUWLFDO�VSDFLQJ�LV�LPSOHPHQWHG�DW�WKH�EDVH�VWDWLRQ��7KLV�PRGHO�

ZDV� IXUWKHU� H[WHQGHG� WR� FRQVLGHU� WKH� PXWXDO� FRXSOLQJ� DQG� LPSHGDQFH� HIIHFWV� WR� HYDOXDWH� WKH�

VSDWLDO�GLYHUVLW\�VHHQ�DW�WKH�UHFHLYHU��)XUWKHU�WR�WKLV��WKH�D]LPXWK�RULHQWDWLRQ�ZDV�DOVR�DFFRXQWHG�

IRU�WKH�FDVH�RI�D�QRQ�XQLIRUP�D]LPXWK�DQJOH�RI�DUULYDO��

$QJXODU�GLYHUVLW\�LV�SUHVHQWHG�E\�FRPSDULQJ�WKH�DQWHQQDV�ZKHQ�FR�ORFDWHG�ZLWK�HIIHFWV�RI� LQSXW�

LPSHGDQFH�FRQVLGHUHG��7KH�LPSHGDQFH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�DQWHQQD�EUDQFKHV�ZLOO�FDXVH�D�

SKDVH�FKDQJH�WR�WKH�DQJXODU�FRUUHODWLRQ��DOWKRXJK�QR�FKDQJH�LQ�PDJQLWXGH��%\�H[DPSOH�RI�FORVHO\�

VSDFHG� PRQRSROHV�� LW� ZDV� VKRZQ� KRZ� DQJXODU� GLYHUVLW\� FDQ� EH� DFKLHYHG� IURP� FORVHO\� VSDFHG�

DQWHQQDV�DOWKRXJK�RIWHQ�DW� WKH�H[SHQVH�RI� ORVV� LQ�HIILFLHQF\�DQG� WKHUHIRUH�0(*�� ,Q�DOO�FDVHV�� LW�

ZDV�VKRZQ�WKDW�FKDQJH�LQ�VWDQGDUG�GHYLDWLRQ�RQ�WKH�HOHYDWLRQ�DQJOH�RI�DUULYDO��ZKLFK�FDQ�FKDQJH�

GUDPDWLFDOO\� LQ� DQ� XUEDQ� HQYLURQPHQW�� WKHUH� LV� OLWWOH� HIIHFW� RQ� FRUUHODWLRQ� DOWKRXJK� YDULDWLRQ� LQ�

FURVV�SRODU�UDWLR��EHWZHHQ��G%�DQG���G%�GRHV�FDXVH�VLJQLILFDQW�HIIHFW�WR�WKH�FRUUHODWLRQ�DQG�WKH�

UHVXOWLQJ�GLYHUVLW\��7KHUHIRUH�WKH�SHUIRUPDQFH�ZRXOG�QHHG�WR�EH�DYHUDJHG�RYHU�WKLV�UDQJH��

&KDSWHU���FRQWLQXHV�IURP�FKDSWHU���WR�DSSO\�WKH�QHZ�PRGHOV�WR�D�PHWKRG�ZLWK�ZKLFK�WR�DQDO\VH�

WKH� GLYHUVLW\� IURP� DQWHQQD� PHDVXUHPHQWV� RU� VLPXODWLRQV�� 6SDWLDO� FRUUHODWLRQ� LV� WKH� VLPSOHVW� WR�

HYDOXDWH�EDVHG�RQ�WKH�GLVWDQFH�EHWZHHQ�WKH�SKDVH�FHQWUHV�DQG�WKH�=�SDUDPHWHU�PDWUL[�RI�WKH�WZR�

DQWHQQDV�� $QJXODU� FRUUHODWLRQ� FDQ� EH� HYDOXDWHG� LQ� GLVFUHWH� IRUP� EDVHG� RQ� WKUHH� GLPHQVLRQDO�

HOHYDWLRQ� SDWWHUQV� WDNHQ� LQ� ��R� FXWV�� 7KH� VDPH� GDWD� FDQ� EH� XVHG� WR� HYDOXDWH� WKH� SRODULVDWLRQ�

FRQWULEXWLRQV�E\�DYHUDJLQJ�WKH�UHODWLYH�(q�DQG�(f�SRODULVDWLRQV�IURP�HYHU\�DQJOH��
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)ROORZLQJ� WKH� HYDOXDWLRQ� PHWKRG�� DQDO\VLV� ZDV� XQGHUWDNHQ� WR� VKRZ� WKH� LQWHUDFWLRQ� RI� VSDWLDO��

DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�WR�SURYLGH�LQGLFDWRUV�DV�WR�KRZ�WKH�GHVLJQHU�VKRXOG�LQWHUSUHW�

WKH�UHVXOWV��7KLV�FRXOG�EH�DFKLHYHG�IURP�WKH�FRUUHODWLRQ�UHVXOWV�DQG�WKH�DQWHQQD�ILHOG�SDWWHUQV�ERWK�

LQ�D]LPXWK�DQG�HOHYDWLRQ��)RU�KRUL]RQWDOO\�VSDFHG�DQWHQQDV�RQO\�DQJXODU�FRUUHODWLRQ�IURP�GLIIHUHQW�

D]LPXWK�SDWWHUQV�FDQ�FKDQJH�WKH�RYHUDOO�FRUUHODWLRQ��GLIIHUHQFH�LQ�HOHYDWLRQ�KDV�QHJOLJLEOH�HIIHFW�

DOWKRXJK� GLIIHULQJ� HOHYDWLRQ� SDWWHUQV� ZLOO� QRUPDOO\� KDYH� GLIIHUHQW� D]LPXWK� SDWWHUQV� LQ� DQ\�

LQVWDQFH�� 7KH� DQJXODU� FRUUHODWLRQ� ZLOO� DIIHFW� WKH� VSDWLDO� FRUUHODWLRQ� GLIIHUHQWO\� EDVHG� RQ� WKH�

GLUHFWLYLW\�RI�WKH�DQWHQQD�SDWWHUQV�DQG�WKH�DQJXODU�RULHQWDWLRQ�WKH\�KDYH��'H�FRUUHODWLRQ�LQ�D]LPXWK�

ZLOO�DOZD\V�UHGXFH�WKH�FRUUHODWLRQ�LQ�WKH�FDVH�RI�YHUWLFDO�FRUUHODWLRQ�VR�WKHUH�DUH�QR�VHW�FRQGLWLRQV�

LQ�WKLV�LQVWDQFH��(OHYDWLRQ�SDWWHUQV�ZLOO�KDYH�VLJQLILFDQW�HIIHFW�RQ�YHUWLFDO�VSDWLDO�FRUUHODWLRQ�DQG�

ZLWK�WKH�QRQ�XQLIRUP�$2$�LW�LV�FRQFOXGHG�WKDW�IRU�EHVW�SHUIRUPDQFH��ERWK�LQ�WHUPV�RI�FRUUHODWLRQ�

DQG�0(*�� WKH� RYHUODSSLQJ� UHJLRQ� EHWZHHQ� WKH� DQWHQQDV� VKRXOG� EH� ZLWKLQ� WKH� DQJOH� RI� DUULYDO�

UHJLRQ��7KHVH�SULQFLSOHV�RQO\�DSSO\�WR�FDVHV�ZKHUH�WKH�DQJXODU�FRUUHODWLRQ�LV�FRPSDUDEOH�ZLWK�WKH�

VSDWLDO�FRUUHODWLRQ��7KHUHIRUH��ZLWK�DQJXODU�FRUUHODWLRQ�JUHDWHU�WKDQ������WKHUH�LV�QHJOLJLEOH�DQJXODU�

FRQWULEXWLRQ��DOWKRXJK�KLJK�DQJXODU�FRQWULEXWLRQ�ZKHQ�OHVV�WKDQ������)RU�VSDWLDO�FRUUHODWLRQ��WKHUH�

LV�FRQUWLEXWLRQ�ZKHQ�OHVV�WKDQ����l�DOWKRXJK�KLJK�FRQWULEXWLRQ�ZKHQ�JUHDWHU�WKDQ��l��3RODULVDWLRQ�

FRQWULEXWLRQ� LQ� FKDSWHU� �� ZDV� VKRZQ� WR� EH� LQKHUHQW� ZLWKLQ� DQJXODU� GLYHUVLW\� ZLWK� ZKLFK� WKH�

FRUUHODWLRQ� FRXOG� EH� XVHG� WR� LGHQWLI\� DQ\� VLJQLILFDQW� SRODULVDWLRQ� FRQWULEXWLRQ� ZLWKLQ� WKH� WZR�

DQWHQQDV��

$Q�DSSOLFDWLRQ�RI� WKH�PHWKRG�SUHVHQWHG� LQ�FKDSWHU����ZDV�SUHVHQWHG� LQ�FKDSWHU���ZLWK� WZR�FDVH�

VWXG\�H[DPSOHV��7KH�ILUVW�ZDV�D�W\SLFDO�PRELOH�KDQGVHW�ZLWK�D�3,)$�DQG�D�PHDQGHU�OLQH�PRQRSROH�

DQWHQQD��7KH�VHFRQG�ZDV�DQ�DQDO\VLV�RI�WKH�GLYHUVLW\�SRWHQWLDO�RI�DQ�,4+$��,Q�ERWK�FDVHV�LW�FRXOG�

EH� VKRZQ� IURP� FRUUHODWLRQ� UHVXOWV� ZK\� WKHUH� LV� GLYHUVLW\� LQ� WKH� WZR� VLWXDWLRQV� DQG� DOVR� ZKHUH�

HIILFLHQF\� ZDV� JDLQHG�� RU� ORVW� LQ� RWKHU� FDVHV�� 7KHUHIRUH� LW� FRXOG� EH� VHHQ� ZKHWKHU� DQ\�

LPSURYHPHQWV�ZHUH�GXH�WR�GLYHUVLW\�RU�LPSURYHG�0(*��

)LQDOO\�� FKDSWHU� �� SURSRVHG� D�PRGHO� IRU� VLPXODWLQJ� D�PRELOH� IDGLQJ� HQYLURQPHQW�ZLWK� YDULDEOH�

DQJOH�RI�DUULYDO�WR�YHULI\�WKH�GLYHUVLW\�SHUIRUPDQFH�RI�D�PRELOH�WHUPLQDO�LQ�GLIIHUHQW�HQYLURQPHQWV�

EDVHG�RQ�DQ�DUUD\�RI�*DXVVLDQ�QRLVH�VRXUFHV��,QLWLDO�VLPXODWLRQV�LQGLFDWHG�WKDW�WKH�VLPXODWRU�ZRUNV�

HIIHFWLYHO\�IRU�XQLIRUP�$2$�PRGHOV�DQG�FORVHO\�VSDFHG�DQWHQQDV�ZLWK�ZLGH�EHDPZLGWKV�DOWKRXJK�

WKLV�OLPLWV�WKH�YHUVDWLOLW\��

���� )XUWKHU�:RUN�

)URP�WKH�FRQFOXVLRQV�GUDZQ�DQG�WKH�OLPLWDWLRQV�RI�WKH�ZRUN�SUHVHQWHG��WKH�IROORZLQJ�PDLQ�DUHDV�

RI�IXUWKHU�ZRUN�FDQ�EH�FDUULHG�RXW��
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� ,Q� WKH� IXWXUH� QHZ� $2$� PRGHOV� ZLOO� HPHUJH� IRU� GLIIHUHQW� HQYLURQPHQWV� IRU� ZKLFK�

PHDVXUHPHQWV� DQG� VLPXODWLRQV� VXFK� DV� UD\� WUDFLQJ� DQDO\VLV�ZLOO� QHHG� WR� EH� FDUULHG� RXW��

)URP�WKHVH�UHVXOWV�VRPH�DSSURSULDWH�VWDQGDUGV�RQ�$2$�FRXOG�EH�VHW�IRU�GLIIHUHQW�PRELOH�

HQYLURQPHQWV� DV� D� EDVLV� WR� HYDOXDWH� FRUUHODWLRQ� DQG� 0(*�� 6WDQGDUGV� ZRXOG� QHHG� WR�

LQFOXGH�PRGHOV�VXFK�DV�LQGRRU��RXWGRRU�WR�LQGRRU�DQG�EXLOGLQJ�WR�EXLOGLQJ�SURSDJDWLRQ��,Q�

PDQ\�RI�WKHVH�FDVHV��WKHUH�ZLOO�EH�D�QRQ�XQLIRUP�$2$�LQ�D]LPXWK��$V�GLVFXVVHG�DOUHDG\��

WKH�PRGHOV�GHYHORSHG�IRU�VSDWLDO��DQJXODU�DQG�SRODULVDWLRQ�FRUUHODWLRQ�FDQ�EH�DGDSWHG�DV�

QHFHVVDU\�WR�DQ\�$2$�PRGHO�WKDW�GRHV�HPHUJH�LQ�WKH�IXWXUH��

� ,Q�WKH�FDVH�ZKHUH�WKHUH�LV�D�QRQ�XQLIRUP�$2$�LQ�D]LPXWK��WKH�UHODWLRQ�EHWZHHQ�HQYHORSH�

FRUUHODWLRQ��rH�� DQG� FRPSOH[� FRUUHODWLRQ��r���� SUHVHQWHG� LQ� FKDSWHU� �� GRHV� QRW� KROG� DQG�

OLNHZLVH�WKH�HIIHFWV�RQ�GLYHUVLW\�GR�QRW�HLWKHU��$W�SUHVHQW�WKHUH�LV�QR�NQRZOHGJH�DV�WR�KRZ�

FRUUHODWLRQ�ZLOO�DIIHFW�GLYHUVLW\�LQ�VXFK�D�VFHQDULR��7KLV�WKHUHIRUH�JLYHV�VFRSH�IRU�IXUWKHU�

PDWKHPDWLFDO� DQDO\VLV� DQG� H[SHULPHQWDWLRQ� WR� GHYLVH� DSSURSULDWH� ORRN�XS� WDEOHV� RU�

IRUPXODH��

� $V�GLVFXVVHG�� LW� LV� VWLOO� XQNQRZQ�ZKDW� D� W\SLFDO� YDOXH� LV� IRU� FURVV�SRODU� FRXSOLQJ� UDWLR��

;35��LV�DW�WKH�PRELOH�DQG�KDV�EHHQ�DVVXPHG�WR�EH��G%�OLNH�WKDW�RI�WKH�EDVH�VWDWLRQ�LQ�DQ�

XUEDQ� HQYLURQPHQW�� 7KLV� PD\� QRW� EH� W\SLFDO� DQG� FRXOG� YDU\� EHWZHHQ� GLIIHUHQW�

HQYLURQPHQWV�GUDPDWLFDOO\��7KHUHIRUH�WKHUH�LV�VFRSH�WR�FRQGXFW�PHDVXUHPHQW�FDPSDLJQV�

WR�LQYHVWLJDWH�H[SHFWHG�YDOXHV�RI�;35��

� 7KH�UHODWLRQV�DQG�LQWHUDFWLRQ�RI�VSDWLDO�DQG�DQJXODU�FRUUHODWLRQ�SUHVHQWHG�LQ�FKDSWHU���DUH�

GHSHQGHQW� RQ� WKH� SURSRVHG�$2$�PRGHO� IRU� DQ� XUEDQ� HQYLURQPHQW� DQG� DUH� OLNHO\� WR� EH�

FRQVLGHUDEO\� GLIIHUHQW� LQ� RWKHU� $2$� HQYLURQPHQWV�� $OVR� WKH\� DUH� OLPLWHG� WR� W\SLFDO�

DQWHQQD�SDWWHUQV�WKDW�PD\�EH�XVHG�IRU�D�W\SLFDO�PRELOH�WHUPLQDO��7KHUH�LV�WKHUHIRUH�D�FDVH�

WR� LQYHVWLJDWH� ZLWK� IXUWKHU� DQWHQQD� PRGHOV� WKDW� PD\� EH� DSSURSULDWH� IRU� RWKHU� PRELOH�

WHUPLQDO�DSSOLFDWLRQV�DQG�DOVR�ZLWK�QHZ�$2$�PRGHOV�DV�WKH\�HPHUJH��

� ,W�LV�HYLGHQW�LQ�FKDSWHU���WKDW�WKHUH�LV�VWLOO�IXUWKHU�ZRUN�WR�EH�FDUULHG�RXW�RQ�WKH�VLPXODWHG�

PRELOH�IDGLQJ�HQYLURQPHQW�WR�H[SDQG�LWV�VFRSH�WR�PDQ\�$2$�PRGHOV�DQG�PDQ\�NLQGV�RI�

DQWHQQD��'HHSHU�DQDO\VLV�RI�WKH�EHKDYLRXU�RI�DQJXODU�GLVWULEXWLRQ�LQ�D�IDGLQJ�HQYLURQPHQW�

ZLOO�KHOS�WR�LQGLFDWH�KRZ�LW�FRXOG�EH�VLPXODWHG�PRUH�DSSURSULDWHO\��$�SHUIHFW�VLPXODWLRQ�

ZLOO�QHYHU�EH�SRVVLEOH�DOWKRXJK� WKH� VFRSH�VKRXOG�EH�VXLWDEOH�HQRXJK� WR�JHQHUDWH� UHVXOWV�

FRPSDUDEOH�ZLWK�UHDO�UHVXOWV��

�

�
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>$EP��@� 0��$EPRURZLW]��,��$��6WHJXQ��³+DQGERRN�RI�0DWKHPDWLFDO�)XQFWLRQV´��������'RYHU�

3XEOLFDWLRQV�LQF���SS�����

>$EX��@� +��$EX�%DNDU�� 3��$��0DWWKHZV�� ³'LUHFWLRQ� RI� $UULYDO� RI� 5DGLR� 6LJQDOV� ,QVLGH� DQG�

2XWVLGH�D�%XLOGLQJV´��3URFHHGLQJV�RI�WKH�,(((���WK�9HKLFXODU�7HFKQRORJ\�&RQIHUHQFH�

�97&���SDUW�YRO�����������SS�����������

>$GD��@����� )��$GDFKL��0�7��)HHQH\��$�*��:LOOLDPVRQ�� -�'��3DUVRQV��³&URVVFRUUHODWLRQ�EHWZHHQ�

WKH�HQYHORSHV�RI����0+]�VLJQDOV� UHFHLYHG�DW�D�PRELOH� UDGLR�EDVH� VWDWLRQ�VLWH´��,((�

3URFHHGLQJV�5DGDU�DQG�6LJQDO�3URFHVVLQJ��YRO�������QR�����3DUW�)��2FW�������SS����

�����

>$JLXV��@� $�$�$JLXV��³$QWHQQDV�IRU�+DQGKHOG�6DWHOOLWH�3HUVRQDO�&RPPXQLFDWRUV´��3K'�7KHVLV��

8QLYHUVLW\�RI�6XUUH\��������

>$OOQ��@� -�� (�� $OOQXWW�� ³6DWHOOLWH� WR� *URXQG� 5DGLRZDYH� 3URSDJDWLRQ´�� ������ ,((� 3HWHU�

3HUJULQXV�/WG��SS�������

>$UDL��@� +��$UDL�� ³0HDVXUHPHQW� RI�0RELOH�$QWHQQD� 6\VWHPV´�� ������$UWHFK�+RXVH�� SS����

�����

>$UUH��@� *��$��$UUHGRQGR��:��+��&KULVV��(��+��:DONHU�� ³$�0XOWLSDWK�)DGLQJ�6LPXODWRU� IRU�

0RELOH�5DGLR´�� ,(((�7UDQVDFWLRQV�RQ�&RPPXQLFDWLRQV�� FRO������QR������1RYHPEHU�

������SS�����������

>$XO��@� 7�� $XOLQ�� ³$�0RGLILHG�0RGHO� IRU� WKH� )DGLQJ� 6LJQDO� DW� D�0RELOH� 5DGLR� &KDQQHO´��

,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR����$XJXVW�������SS���������

>%DO��@� &��$��%DODQLV��³$QWHQQD�7KHRU\�$QDO\VLV�DQG�'HVLJQ´��6HFRQG�(GLWLRQ��������:LOH\��

>%DODE��@� 1��%DODELDQ��7��$��%LFNDUW��³(OHFWULFDO�1HWZRUN�7KHRU\´��������:LOH\��

>%DUE��@� -��3��%DUERW��3��/DU]DEDO��$��-��/HY\��³:LGHEDQG�LQGRRU�SURSDJDWLRQ�FKDQQHO�GLUHFWLRQ�

RI� DUULYDO�PHDVXUHPHQWV´�� ,(((�6LJQDO�3URFHVVLQJ�:RUNVKRS� RQ� 6LJQDO�3URFHVVLQJ�

$GYDQFHV�LQ�:LUHOHVV�&RPPXQLFDWLRQV��������SS���������

>%HDFK��@���0�$��%HDFK��'�3��0F1DPDUD��3�1��)OHWFKHU�DQG�3��.DUOVVRQ��³0,02�±�$�6ROXWLRQ�

IRU�$GYDQFHG�:LUHOHVV�$FFHVV´��,((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$QWHQQDV�DQG�

3URSDJDWLRQ��,&$3���YRO�����QR�������SS���������
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>%HFN��@��� &��%HFNPDQ��8��:DKOEHUJ��³$QWHQQD�6\VWHPV�IRU�3RODUL]DWLRQ�'LYHUVLW\´��0LFURZDYH�

-RXUQDO��0D\�������SS���������

>%UDXQ��@� &��%UDXQ��*��(QJEORP��&��%HFNPDQ��³(YDOXDWLRQ�RI�$QWHQQD�'LYHUVLW\�3HUIRUPDQFH�

IRU�0RELOH�+DQGVHWV�8VLQJ���'�0HDVXUHPHQW�'DWD´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�

DQG�3URSDJDWLRQ��YRO������QR������1RYHPEHU�������SS�����������

>&KHZ��@�� .�� &�� '�� &KHZ�� 6�� 5�� 6DXQGHUV�� ³,PSURYHPHQWV� 5HODWLQJ� WR� 0XOWLILODU� +HOL[�

$QWHQQD´��8.�3DWHQW�)LOLQJ��$SSOLFDWLRQ�1R�������������)HEUXDU\�������

>&KR��@�� � .�� &KR�� 7�� +RUL�� .�� .DJRVKLPD�� ³(IIHFWLYHQHVV� RI� )RXU�%UDQFK� +HLJKW� DQG�

3RODUL]DWLRQ� 'LYHUVLW\� &RQILJXUDWLRQ� IRU� 6WUHHW� 0LFURFHOO´�� ,(((� 7UDQVDFWLRQV� RQ�

$QWHQQDV�DQG�3URSDJDWLRQ��YRO������QR����-XQH�������SS���������

>&ODUNH��@� 5�� +�� &ODUNH�� ³$� 6WDWLVWLFDO� 7KHRU\� RI� 0RELOH� 5DGLR� 5HFHSWLRQ´�� %HOO� 6\VWHP�

7HFKQLFDO�-RXUQDO��������SS����������

>&RUUHLD��@�/��0��&RUUHLD��³:LUHOHVV�)OH[LEOH�3HUVRQDOLVHG�&RPPXQLFDWLRQV´��������:LOH\��

>&RXOE��@� -��6��&ROEXUQ��<��5DKPDW�6DPLL��0��$��-HQVHQ��*��-��3RWWLH��³(YDOXDWLRQ�RI�3HUVRQDO�

&RPPXQLFDWLRQV�'XDO�$QWHQQD�+DQGVHW�'LYHUVLW\�3HUIRUPDQFH´��,(((�7UDQVDFWLRQV�

RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR�����$XJXVW�������SS���������

>&R[��@� � '��&��&R[�� 5��5��0XUUD\��+��:��$UQROG��$��:��1RUULV��0�� )��:D]RZLF]�� ³&URVV�

3RODU]DWLRQ�&RXSOLQJ�0HDVXUHPHQWV�IRU����0+]�5DGLR�7UDQVPLVVLRQ�LQ�DQG�$URXQG�

+RXVHV�DQG�/DUJH�%XLOGLQJV´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO��

����QR�����-DQXDU\�������SS�������

>'HDQH��@� *�� *�� -RKQVWRQH�� -�� +�� %�� 'HDQH�� ³5HODWLRQV� EHWZHHQ� WZR�SRUW� SDUDPHWHUV´��

,QWHUQDWLRQDO�-RXUQDO�RI�(OHFWURQLFV��YRO������QR�����-XO\�������SS���������

>'HLW��@� � &��%��'LHWULFK��.��'LHW]H�� -��5DQGDOO�1HDO\��:��/��6WXW]PDQ�� ³6SDWLDO��3RODUL]DWLRQ�

DQG� 3DWWHUQ� 'LYHUVLW\� IRU� :LUHOHVV� +DQGKHOG� 7HUPLQDOV´�� ,(((� 7UDQVDFWLRQV� RQ�

$QWHQQDV�DQG�3URSDJDWLRQ��YRO������QR�����6HSWHPEHU�������SS�����������

>'RXJ��@�� 0�� *�� 'RXJODV�� 0�� 2NRQLHZVNL�� 0�� $�� 6WXFKO\�� ³$� 3ODQDU� 'LYHUVLW\� $QWHQQD� IRU�

+DQGKHOG�3&6�'HYLFHV´��,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR�����

$XJXVW�������SS���������

>(JJ��@� � 3�� &�� )�� (JJHUV�� -�� 7RIWJDUG�� $�� 0�� 2SHUD�� ³$QWHQQD� 6\VWHPV� IRU� %DVH� 6WDWLRQ�

'LYHUVLW\� LQ� 8UEDQ� 6PDOO� DQG� 0LFUR� &HOOV´�� ,(((� -RXUQDO� RQ� 6HOHFWHG� $UHDV� LQ�

&RPPXQLFDWLRQV��YRO������QR�����6HSWHUPEHU�������SS�����������
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>(UlW��@� � 3��(UlWXXOL��(��%RQHN��³'LYHUVLW\�$UUDQJHPHQWV�IRU�,QWHUQDO�+DQGVHW�$QWHQQDV´��,(((�

&RQIHUHQFH�RQ�3HUVRQDO�,QGRRU�0RELOH�5DGLR�&RPPXQLFDWLRQV��3,05&���������YRO��

���SS���������

>(UWHO��@� � 5�� %�� (UWHO�� -�� +�� 5HHG�� ³$QJOH� DQG� 7LPH� RI� $UULYDO� 6WDWLVWLFV� IRU� &LUFXODU� DQG�

(OOLSWLFDO� 6FDWWHULQJ�0RGHOV´�� ,(((� -RXUQDO� RQ� 6HOHFWHG� $UHDV� LQ� &RPPXQLFDWLRQ��

YRO������QR������1RYHPEHU�������SS�����������

>)DQJ��@� � 6K\K�7LUQJ� )DQJ�� ³$� 1RYHO� 3RODUL]DWLRQ� 'LYHUVLW\� $QWHQQD� IRU� :/$1�

$SSOLFDWLRQV´�� ,(((� $QWHQQDV� DQG� 3URSDJDWLRQ� 6RFLHW\� ,QWHUQDWLRQDO� 6\PSRVLXP��

YRO�����������SS���������

>)DVV��@� � 6��)DVVHWWD��$��6LELOOH��³6ZLWFKHG�DQJXODU�GLYHUVLW\�%66$�DUUD\�DQWHQQD�IRU�:/$1´��

(OHFWURQLFV�/HWWHUV��YRO������QR�����$SULO�������SS����������

>)XKO��@� � -�� )XKO�� -�3� 5RVVL�� (�� %RQHN�� ³+LJK� 5HVROXWLRQ� ��'� 'LUHFWLRQ�RI�$UULYDO�

'HWHUPLQDWLRQ� IRU� 8UEDQ� 0RELOH� 5DGLR´�� ,(((� 7UDQVDFWLRQV� RQ� $QWHQQDV� DQG�

3URSDJDWLRQ��FRO������QR�����$SULO�������SS���������

>*UHHQ��@� %�� 0�� *UHHQ�� 0�� $�� -HQVHQ�� ³'LYHUVLW\� 3HUIRUPDQFH� RI� 3HUVRQDO� &RPPXQLFDWLRQV�

+DQGVHW� $QWHQQDV� 1HDU� 2SHUDWRU� 7LVVXH´�� ,(((� 7UDQVDFWLRQV� RQ� $QWHQQDV� DQG�

3URSDJDWLRQ��YRO������QR�����-XO\�������SS�����������

>+DOOE��@�� 3�� +DOOEM|UQHU�� .�� 0DGVpQ�� ³7HUPLQDO� $QWHQQD� 'LYHUVLW\� &KDUDFWHULVDWLRQ� XVLQJ�

0RGH�6WLUUHG�&KDPEHU´��,((�(OHFWURQLFV�/HWWHUV��YRO������QR�����0DUFK�������SS����

�����

>+RV��@� � 6��+RVRQR��1��*RWR��+��$UDL��³$�)ODW�'LYHUVLW\�$QWHQQD�E\�'LVN�/RDGHG�0RQRSROH�

DQG� 7KUHH� 1RWFKHV´�� ,(((� 7UDQVDFWLRQV� RQ� 9HKLFXODU� 7HFKQRORJ\�� YRO�� ���� QR�� ���

0D\�������SS���������

>+XDQ��@�� &�� 3�� +XDQJ�� $�� =�� (OVKHUEHQL�� &�� (�� 6PLWK�� ³$QDO\VLV� DQG� 'HVLJQ� RI� 7DSHUHG�

0HDQGHU� /LQH� $QWHQQDV� IRU� 0RELOH� &RPPXQLFDWLRQV´�� $SSOLHG� &RPSXWDWLRQDO�

(OHFWURPDJQHWLFV�-RXUQDO��YRO������QR�����1RYHPEHU�������SS���������

>,NHJ��@� � )�� ,NHJDPL�� 6�� <RVKLGD�� ³$QDO\VLV� RI� 0XOWLSDWK� 3URSDJDWLRQ� 6WUXFWXUH� LQ� 8UEDQ�

0RELOH�5DGLR�(QYLURQPHQWV´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO��

����QR�����-XO\�������SS���������

>-DN��@��� � :��&��-DNHV��³0LFURZDYH�0RELOH�&RPPXQLFDWLRQV´��,(((�3UHVV��������

>-DPHV��@� -�� 5�� -DPHV�� .�� )XMLPRWR�� ³0RELOH� $QWHQQD� 6\VWHPV� +DQGERRN´�� 6HFRQG� (GLWLRQ��

������$UWHFK�+RXVH��
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>-HQ��@�� � 0��$��-HQVHQ��<��5DKPDW�6DPLL��³3HUIRUPDQFH�$QDO\VLV�RI�$QWHQQDV�IRU�+DQG�+HOG�

7UDQVFHLYHUV�8VLQJ�)'7'´�� ,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ�� YRO��

����QR�����$XJXVW�������SS�����������

>.DOOL��@� � .��.DOOLROD��+��/DLWLQHQ��.��6XORQHQ��/��9XRNNR��3��9DLQLNDLQHQ��³'LUHFWLRQDO�5DGLR�

&KDQQHO� 0HDVXUHPHQWV� DW� 0RELOH� 6WDWLRQ� LQ� 'LIIHUHQFW� 5DGLR� (QYLURQPHQWV� DW�

����*+]´�� 3URFHHGLQJV� RI� WKH� �WK� (XURSHDQ� 3HUVRQDO� 0RELOH� &RPPXQLFDWLRQV�

&RQIHUHQFH��9LHQQD��$XVWULD��)HE�������������QR�������

>.DW]��@� � 0��.DW]��(��7LLUROD��-��<OLWDOR��³&RPELQLQJ�6SDFH�7LPH�%ORFN�&RGLQJ�ZLWK�'LYHUVLW\�

$QWHQQD� 6HOHFWLRQ� IRU� ,PSURYHG� 'RZQOLQN� 3HUIRUPDQFH´�� ,(((� ��WK� 9HKLFXODU�

7HFKQRORJ\�&RQIHUHQFH��97&��������)DOO��

>.LWFK��@�� '�� .LWFKHQHU�� ,�� 3�� /OHZHOO\Q�� '�� .�� 3RZHU�� ³$� 1RYHO�0HWKRG� IRU� (YDOXDWLQJ� WKH�

'LYHUVLW\�3HUIRUPDQFH�RI�&HOOXODU�7HUPLQDO�$QWHQQDV´��,((�1DWLRQDO�&RQIHUHQFH�RQ�

$QWHQQDV�DQG�3URSDJDWLRQ��QR�������������SS���������

>.QXG��@�� 0�� %�� .QXGVHQ�� ³$QWHQQD� 6\VWHPV� IRU� +DQGVHWV´�� 3K'� 7KHVLV�� &HQWHU� IRU�

3HUVRQ.RPPXQLFDWLRQ��$DOERXUJ�8QLYHUVLW\��'HQPDUN��6HSWHPEHU�������

>.R��@� � � 6�� &�� .�� .R�� 5�� '�� 0XUFK�� ³&RPSDFW� ,QWHJUDWHG� 'LYHUVLW\� $QWHQQD� IRU� :LUHOHVV�

&RPPXQLFDWLRQV´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO������QR�����

-XQH�������SS���������

>.R]��@� � 6�� .R]RQR�� 7�� 7VXUXKDUD�� 0�� 6DNDPRWR�� ³%DVH� 6WDWLRQ� 3RODUL]DWLRQ� 'LYHUVLW\�

5HFHSWLRQ�IRU�0RELOH�5DGLR´��,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������

QR�����1RYHPEHU�������SS���������

>.XFK��@�� $��.XFKDU��-�3��5RVVL��(��%RQHN��³'LUHFWLRQDO�0DFUR�&HOO�&KDQQHO�&KDUDFWHUL]DWLRQ�

IURP�8UEDQ�0HDVXUHPHQWV´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO��

����QR�����)HEUXDU\�������SS���������

>.XJD��@�� 1�� .XJD�� +�� $UDL�� ³$� 3ODQDU� 3DWWHUQ� 'LYHUVLW\� $QWHQQD´�� ,(,&(� ,QWHUQDWLRQDO�

6\PSRVLXP�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO����������SS���������

>.XJD��@�� 1�� .XJD�� +�� $UDL�� 1�� *RWR�� ³$� 1RWFK�:LUH� &RPSRVLWH� $QWHQQD� IRU� 3RODUL]DWLRQ�

'LYHUVLW\�5HFHSWLRQ´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO������QR��

���-XQH�������SS���������

>/HDFK��@� 6�� 0�� /HDFK�� ³2SWLPXP� &RQWURO� RI� +DQG�3RUWDEOH� $QWHQQDV� IRU� 6DWHOOLWH� DQG�

7HUUHVWULDO�0RELOH�&RPPXQLFDWLRQV´��3K'�7KHVLV��8QLYHUVLW\� RI� 6XUUH\�� 6HSWHPEHU�
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7KHVLV�8QLYHUVLW\�RI�/LYHUSRRO��������

>/HH��@�� � :��&��<��/HH��<��6��<HK�� ³3RODUL]DWLRQ�'LYHUVLW\�6\VWHP� IRU�0RELOH�5DGLR´�� ,(((�

7UDQVDFWLRQV�RQ�&RPPXQLFDWLRQV��YRO������QR�����2FWREHU�������SS���������

>/HH��@�� � :��&��<��/HH��5��+��%UDQGW��³7KH�(OHYDWLRQ�$QJOH�RI�0RELOH�5DGLR�6LJQDO�$UULYDO´��

,(((� 7UDQVDFWLRQV� RQ�&RPPXQLFDWLRQV�� YRO�� ���� QR�� ����1RYHPEHU� ������ SS�����
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>/HH��@�� � :�� &�� <�� /HH�� ³0RELOH� &RPPXQLFDWLRQV� (QJLQHHULQJ´�� 0F*UDZ� +LOO�� 6HFRQG�
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>/HH��@�� � (�� /HH�� 3�� 6�� +DOO�� 3�� *DUGHQHU�� ³$QWHQQDV� IRU� )XWXUH� 0RELOH� &RPPXQLFDWLRQ�

7HUPLQDOV´�� ,((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $QWHQQDV� DQG� 3URSDJDWLRQ�� QR�� �����

YRO����������SS���������

>/HPS��@�� -��-��$��/HPLDLQHQ��.��,��1LNRVNLQHQ��³6LJQDO�&RUUHODWLRQV�DQG�'LYHUVLW\�*DLQ�RI�7ZR�

%HDP�0LFURFHOO�$QWHQQD´��,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR��

���$XJXVW�������SS���������

>/LHE��@� � 0��/LHEHQG|UIHU��8��'HUVFK��³:LUHOHVV�/$1�'LYHUVLW\�$QWHQQD�6\VWHP�IRU�3&0&,$�

&DUG� ,QWHJUDWLRQ´�� ,(((� 9HKLFXODU� 7HFKQRORJ\� &RQIHUHQFH� �97&��� YRO�� ��� ������

SS�����������

>/XN��@� � /��/XNDPD��.��.RQVWDQWLQRX��'��-��(GZDUGV��³3RODUL]DWLRQ�'LYHUVLW\�3HUIRUPDQFH�IRU�

8076´��,((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��������QR��

�����YRO�����SS���������

>0DWW��@� � 3�� $��0DWWKHZV�� $�� +�� $EX�%DNDU�� ³'LUHFWLRQ� RI� $UULYDO� RI� 5DGLR� 6LJQDOV�:LWKLQ�

%XLOGLQJV´�� ,((� ,QWHUQDWLRQDO� &RQIHUHQFH� RI� $QWHQQDV� DQG� 3URSDJDWLRQ� �,&$3���

������QR�������SDUW����SS���������

>0LWFK��@�� -��0LFKDHO�-RKQVRQ��<��5DKPDW�6DPLL��³:LGHEDQG�7DE�0RQRSROH�$QWHQQD�$UUD\�IRU�

:LUHOHVV� $GDSWLYH� DQG� 0RELOH� ,QIRUPDWLRQ� 6\VWHPV� $SSOLFDWLRQ´�� ,(((� $QWHQQDV�

DQG�3URSDJDWLRQ�6RFLHW\�,QWHUQDWLRQDO�6\PSRVLXP��YRO�����������SS���������

>0XU��@� � 6��&��.��.R��5��'��0XUFK��³$�'LYHUVLW\�$QWHQQD�IRU�([WHUQDO�0RXQWLQJ�RQ�:LUHOHVV�

+DQGVHWV´�� ,(((� 7UDQVDFWLRQV� RQ� $QWHQQDV� DQG� 3URSDJDWLRQ�� YRO�� ���� QR�� ���0D\�

������SS���������

>1¡UN��@� � 2�� 1¡UNOLW�� 3�� '�� 7HDO�� 5�� *�� 9DXJKDQ�� ³0HDVXUHPHQW� DQG� (YDOXDWLRQ� RI� 0XOWL�

$QWHQQD� +DQGVHWV� LQ� ,QGRRU� 0RELOH� &RPPXQLFDWLRQ´�� ,(((� 7UDQVDFWLRQV� RQ�

$QWHQQDV�DQG�3URSDJDWLRQ��YRO������QR�����0DUFK�������SS���������
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>2JDZD��@�.��2JDZD��7��8ZDQR��³$QDO\VLV�RI�D�'LYHUVLW\�$QWHQQD�&RPSULVLQJ�D�:KLS�$QWHQQD�

DQG� D� 3ODQDU� ,QYHUWHG�)�$QWHQQD� IRU� 3RUWDEOH� 7HOHSKRQHV´�� (OHFWURQLFV� DQG�

&RPPXQLFDWLRQV�LQ�-DSDQ��YRO������SW�����QR�����������SS�������

>3DUV��@� � -��'��3DUVRQV��³7KH�0RELOH�5DGLR�3URSDJDWLRQ�&KDQQHO´��:LOH\���QG�(GLWLRQ��������

>3DXO��@� � $�� 3DXO�� 9�� %URZQ�� $�� 5�� 1RHUSHO�� ³3DWWHUQ� 'LYHUVLW\� $QWHQQDV� IRU� 0RELOH�

&RPPXQLFDWLRQ´��856,�,QWHUQDWLRQDO�6\PSRVLXP�RQ�(OHFWURPDJQHWLF�7KHRU\��������
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>3HG��@�� � *�)�� 3HGHUVHQ�� -��%DFK�$QGHUVHQ�� ³+DQGVHW�$QWHQQDV� IRU�0RELOH�&RPPXQLFDWLRQV��

,QWHJUDWLRQ�� 'LYHUVLW\� DQG� 3HUIRUPDQFH´�� 5HYLHZ� RI� 5DGLR� 6FLHQFH��2[IRUG�� ������

SS���������

>3HG��@�� � *��)��3HGHUVHQ��6��:LGHOO��7��«VWHUYDOO��³+DQGKHOG�$QWHQQD�'LYHUVLW\�(YDOXDWLRQ�LQ�D�

'&6������ 6PDOO� &HOO´�� ,(((� &RQIHUHQFH� RQ� 3HUVRQDO� ,QGRRU� 0RELOH� 5DGLR�

&RPPXQLFDWLRQV��3,05&���YRO�����������SS���������

>3HULQL��@� 3��/��3HQUL��&��/��+ROORZD\��³$QJOH�DQG�6SDFH�'LYHUVLW\�&RPSDULVRQV� LQ�'LIIHUHQW�

0RELOH�5DGLR�(QYLURQPHQWV´��,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�DQG�3URSDJDWLRQ��YRO��

����QR�����-XQH�������

>3LH6WH��@��-�1�3LHUFH��6��6WHLQ��³0XOWLSOH�'LYHUVLW\�ZLWK�1RQLQGHSHQGHQW�)DGLQJ´��3URFHHGLQJV�

,5(��YRO������-DQXDU\�������SS��������

>5RVHQ��@� .�� 5RVHQJUHQ�� 3�6� .LOGDO�� ³6WXG\� RI� 'LVWULEXWLRQV� RI� 0RGHV� DQG� 3ODQH� :DYHV� LQ�

5HYHUEHUDWLRQ� &KDPEHUV� IRU� &KDUDFWHUL]DWLRQ� RI� $QWHQQDV� LQ� D� 0XOWLSDWK�

(QYLURQPHQW´��0LFURZDYH�DQG�2SWLFDO�7HFKQRORJ\�/HWWHUV��YRO������QR�����6HSWHPEHU�

������SS���������

>6DXQG��@� �6��5��6DXQGHUV��³$QWHQQDV�DQG�3URSDJDWLRQ� IRU�:LUHOHVV�&RPPXQLFDWLRQ�6\VWHPV´��

:LOH\��������

>6FK��@� 0��6FKZDUW]��:��5��%HQQHW�DQG�6��6WHLQ��³&RPPXQLFDWLRQ�6\VWHPV�DQG�7HFKQLTXHV´��

0F*UDZ�+LOO��������

>6FKOXE��@� 5��6FKOXE��'��9��7KLHO�� -��:��/X��6��*��2¶.HHIH��³'XDO�EDQG�VL[�HOHPHQW� VZLWFKHG�

SDUDVLWLF� DUUD\� IRU� VPDUW� DQWHQQD� FHOOXODU� FRPPXQLFDWLRQV� V\VWHPV´�� (OHFWURQLFV�

/HWWHUV��YRO������QR������$XJXVW�������SS�����������

>6&0��@� ³6SDWLDO� &KDQQHO� 0RGHO� 7H[W� 'HVFULSWLRQ´�� 6&0������ 6SDWLDO� &KDQQHO� 0RGHO� $G�

+RF�*URXS���*33��1RYHPEHU���WK�������

>6FRWW��@� 1��/��6FRWW��0��2��/HRQDUG�7D\ORU��5��*��9DXJKDQ��³'LYHUVLW\�*DLQ�IURP�D�6LQJOH�

3RUW�$GDSWLYH�$QWHQQD�8VLQJ�6ZLWFKHG�3DUDVLWLF�(OHPHQWV�,OOXVWUDWHG�ZLWK�D�:LUH�DQG�
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E\�WKH�3UHVHQFH�RI�D�3HUVRQ´��,(((�9HKLFXODU�7HFKQRORJ\�&RQIHUHQFH��97&���YRO�����
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>6XOR��@� .��6XORQHQ��3��9DLQLNDLQHQ��.��.DOOLROD��³7KH�HIIHFW�RI�DQJXODU�SRZHU�GLVWULEXWLRQ�LQ�

GLIIHUHQW� HQYLURQPHQWV� DQG� WKH� DQJXODU� UHVROXWLRQ� RI� UDGLDWLRQ� SDWWHUQ�PHDVXUHPHQW�

RQ�DQWHQQD�SHUIRUPDQFH´��&267����7HFKQLFDO�'RFXPHQW��(XURSHDQ�&R�RSHUDWLRQ�LQ�

WKH�ILHOG�RI�6FLHQWLILF�DQG�7HFKQLFDO�5HVHDUFK���7'���������-DQXDU\���WK��������

>7DJD��@� 7�� 7DJD�� ³$QDO\VLV� RI� 0HDQ� (IIHFWLYH� *DLQ� RI� 0RELOH� $QWHQQDV� LQ� /DQG� 0RELOH�

5DGLR�(QYLURQPHQWV´�� ,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\�� YRO�� ���� QR�� ���

0D\�������SS���������

>7DND��@� -��7DNDGD��<��7DNHXFKL��³$Q�(IIHFW�RI�D�+HDG�RQ�DQ�$QWHQQD�3DWWHUQ�'LYHUVLW\�IRU�D�

3RUWDEOH� +DQGVHW´�� ,(,&(� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� $QWHQQDV� DQG� 3URSDJDWLRQ�

�,6$3���YRO�����������SS���������

>7KROO��@� '��7KROO��0��)DWWRXFKH��³$QJOH�RI�$UULYDO�$QDO\VLV�RI�WKH�,QGRRU�5DGLR�3URSDJDWLRQ�

&KDQQHO´�� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�8QLYHUVDO� 3HUVRQDO� &RPPXQLFDWLRQV��

������YRO�����SS�������

>7XUN��@� $��0��'��7XUNPDQL��$��$��$URZRMROX��3��$��-HIIRUG��&��-��.HOOHWW��³$Q�([SHULPHQWDO�

(YDOXDWLRQ� RI� WKH� 3HUIRUPDQFH� RI� 7ZR�%UDQFK� 6SDFH� DQG� 3RODUL]DWLRQ� 'LYHUVLW\�

6FKHPHV�DW�����0+]´��,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR�����

0D\�������SS����������

>9DXJ��@� 5��*��9DXJKDQ��³6LJQDOV�LQ�0RELOH�&RPPXQLFDWLRQV��$�5HYLHZ´��,(((�7UDQVDFWLRQV�

RQ��9HKLFXODU�7HFKQRORJ\��YRO������QR�����1RYHPEHU�������SS���������

>9DXJ��@� 5��*��9DXJKDQ��-��%DFK�$QGHUVHQ��³$QWHQQD�'LYHUVLW\�LQ�0RELOH�&RPPXQLFDWLRQV´��

,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR�����1RYHPEHU�������SS����

�����

>9DXJ��@� 5�� *�� 9DXJKDQ�� ³3RODUL]DWLRQ� 'LYHUVLW\� LQ� 0RELOH� &RPPXQLFDWLRQV´�� ,(((�

7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������QR�����$XJXVW�������SS��������� �
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>9DXJ��@� 5�� *�� 9DXJKDQ�� ³3DWWHUQ� 7UDQVODWLRQ� DQG� 5RWDWLRQ� LQ� 8QFRUUHODWHG� 6RXUFH�

'LVWULEXWLRQV� IRU�0XOWLSOH�%HDP�$QWHQQD�'HVLJQ´�� ,(((�7UDQVDFWLRQV�RQ�$QWHQQDV�

DQG�3URSDJDWLRQ��YRO������QR�����-XO\�������SS���������

>9DXJ��@� 5�� *�� 9DXJKDQ�� ³6ZLWFKHG� 3DUDVLWLF� (OHPHQWV� IRU� $QWHQQD� 'LYHUVLW\´�� ,(((�

7UDQVDFWLRQV� RQ�$QWHQQDV� DQG�3URSDJDWLRQ�� YRO�� ���� QR�� ��� )HEUXDU\� ������ SS����
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>:DQW��@� .��:DQWDQEH�� +��0LVKLPD�� <�� (ELQH�� ³0HDVXUHPHQWV� RI� (OHYDWLRQ� $QJOH� RI� /DQG�

0RELOH�5DGLR�6LJQDO�$UULYDO´��7UDQVDFWLRQV�RI�WKH�,(&(�RI�-DSDQ��YRO��(����QR������

1RY�������SS���������

>=ZLFN��@� 7�� =ZLFN�� &�� )LVFKHU�� :�� :LHVEHFN�� ³$� 6WDWLVWLFDO� &KDQQHO� 0RGHO� IRU� ,QGRRU�

(QYLURQPHQWV� ,QFOXGLQJ� $QJOH� RI� $UULYDO´�� ,(((� ��WK� 9HKLFXODU� 7HFKQRORJ\�

&RQIHUHQFH��97&���YRO�����SDUW����������SS���������
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$SSHQGL[� $� 5HVXOWV� IURP� HOHYDWLRQ� DQJOH� RI�

DUULYDO�LQ�XUEDQ�HQYLURQPHQWV�

5HIHUHQFH� )UHTXHQF\� $QWHQQDV� RU�

0HWKRG�8VHG�

(OHYDWLRQ� $QJOH�

5HVXOWV�

&RPPHQWV�

>7DJD��@� ����0+]� 3DUDEROLF�

UHIOHFWRU����R�KDOI�

SRZHU�

EHDPZLGWK�

9HUWLFDO� DYHUDJH�

��R�� KRUL]RQWDO�

DYHUDJH� �����R��
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